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1
ANTIBODY-MEDIATED NEUTRALIZATION
OF MARBURG VIRUS

This application is a divisional of U.S. application Ser.
No. 15/553,311, filed Aug. 24, 2017, as a national phase
application under 35 U.S.C. § 371 of International Appli-
cation No. PCT/US2016/019644, filed Feb. 25, 2016, which
claims benefit of priority to U.S. Provisional Application
Ser. No. 62/120,657, filed Feb. 25, 2015, the entire contents
of each of which are hereby incorporated by reference.

This invention was made with government support under
grant number HDTRA1-13-1-0034 awarded by the Depart-
ment of Defense and under grant number A1109711 awarded
by the National Institutes of Health. The government has
certain rights in the invention.

BACKGROUND
1. Field of the Disclosure

The present disclosure relates generally to the fields of
medicine, infectious disease, and immunology. More par-
ticular, the disclosure relates to antibodies that bind to
Marburg virus glycoprotein (GP).

2. Background

Marburg virus (MARV) and Ebola virus (EBOV) are
members of the family Filoviridae, which infect humans and
non-human primates causing a hemorrhagic fever with mor-
tality rates up to 90% (Brauburger et al., 2012). There have
been a dozen outbreaks of Marburg virus infection in
humans reported to date, including the most recent report
from Uganda of a 30-year old male health worker who died
in September, 2014 (WHO, 2014a). As of Jan. 7, 2015, there
have been in excess of 20,000 confirmed, probable, and
suspected cases of Ebola virus disease (EVD) in the current
EBOV outbreak in nine affected countries (Guinea, Liberia,
Mali, Nigeria, Senegal, Sierra Leone, Spain, the United
Kingdom and the United States of America) with more than
8,000 deaths (WHO, 2014b).

There is no licensed treatment or vaccine for filovirus
infection. Recently, several studies showed that filovirus
glycoprotein (GP)-specific neutralizing antibodies (nAbs)
can reduce mortality following experimental inoculation of
animals with a lethal dose of EBOV (Dye et al., 2012; Marzi
et al., 2012; Olinger et al., 2012; Qiu et al., 2012; Pettitt et
al., 2013; Qiu et al., 2014) or MARV (Dye et al., 2012). The
primary target of these nAbs, the filovirus surface GP, is a
trimer composed of three heavily glycosylated GP1-GP2
heterodimers (FIG. 6). The GP1 subunit can be divided
further into base, head, glycan cap and mucin-like domains
(Lee et al., 2008). During viral entry, the mucin-like domain
and glycan cap mediate binding to multiple host attachment
factors present on the cell membrane. After the virus enters
the host cell by macropinocytosis (Nanbo et al., 2010; Saeed
etal., 2010), the GP is cleaved by host proteases that remove
approximately 80% of the mass of the GP1 subunit, includ-
ing the mucin-like domain and glycan cap (Chandran et al.,
2005; Dube et al., 2009). After cleavage of GP in the
endosome, the receptor-binding sites on GP become
exposed, and the GP1 head then is able to bind to its
receptor, Niemann-Pick C1 (NPC1) protein (Carette et al.,
2011; Chandran et al., 2005; Coté et al., 2011). Subsequent
conformational changes in GP facilitate fusion between viral
and endosomal membranes.
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The dense clustering of glycans on the glycan cap and
mucin-like domain likely shield much of the surface of
EBOV GP from humoral immune surveillance, leaving only
a few sites on the EBOV GP protein where nAbs could bind
without interference by glycans (Cook and Lee, 2013). Most
of'the inventors’ knowledge about humoral response against
filovirus infections has come from studies of murine Abs
that recognize EBOV GP. From those studies, the inventors
learned that mouse nAbs preferentially target peptides
exposed in upper, heavily glycosylated domains or lower
areas (the GP1 base) where rearrangements occur that drive
fusion of viral and host membranes (Saphire, 2013). Abs
have not been identified that target protein features of the
GP1 head subdomain, where the receptor-binding site to
NPCI1 protein is located. Ab KZ52, the only reported human
EBOV GP-specific mAb, was obtained from a phage display
library that was constructed from bone marrow RNA
obtained from a survivor (Maruyama et al., 1999). KZ52
binds a site at the base of the GP and neutralizes EBOV, most
likely by inhibiting the conformational changes required for
fusion of viral and endosomal membranes (Lee et al., 2008).
Some murine Abs also have been reported to bind to the base
region of Ebola virus GPs (Dias et al., 2011, Murin et al.,
2014). In contrast, very little is known about the mecha-
nisms by which Abs neutralize MARV. Two murine Abs that
bound the mucin-like domain of MARV GP reduced MARV
budding from infected cells in culture, but failed to neutral-
ize virus directly (Kajihara et al., 2012). Polyclonal MARV-
specific Abs were shown to protect non-human primates
when administrated passively after challenge (Dye et al.,
2012). The epitopes recognized by such polyclonal nAbs,
and their mechanism of neutralization, are unknown.

SUMMARY

Thus, in accordance with the present disclosure, there is
provided a method of detecting a Marburg virus infection in
a subject comprising (a) contacting sample from said subject
with an antibody or antibody fragment having clone-paired
heavy and light chain CDR sequences from Tables 3 and 4,
respectively; and (b) detecting Marburg virus glycoprotein
(GP) in said sample by binding of said antibody or antibody
fragment to GP in said sample. The sample may be a body
fluid, such as blood, sputum, tears, saliva, mucous or serum,
urine or feces. Detection may comprise ELISA, RIA or
Western blot. The method may further comprise performing
steps (a) and (b) a second time and determining a change in
the GP levels as compared to the first assay.

The antibody or antibody fragment may be further char-
acterized by clone-paired variable sequences as set forth in
Tables 1 or 2. The antibody or antibody fragment may be
encoded by light and heavy chain variable sequences having
70%, 80%, or 90% identity to clone-paired sequences from
Table 1. The antibody or antibody fragment may be encoded
by light and heavy chain variable sequences having 95%
identity to clone-paired sequences from Table 2. The anti-
body fragment may be a recombinant ScFv (single chain
fragment variable) antibody, Fab fragment, F(ab'), fragment,
or Fv fragment. The antibody may not bind to Ebola virus.

In another embodiment, there is provided a method of
treating a subject infected with Marburg Virus, or reducing
the likelihood of infection of a subject at risk of contracting
Marburg virus, comprising delivery to said subject an anti-
body or antibody fragment having clone-paired heavy and
light chain CDR sequences from Tables 3 and 4, respec-
tively. Delivering may comprise antibody or antibody frag-
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ment administration, or genetic delivery with an RNA or
DNA sequence or vector encoding the antibody or antibody
fragment.

The antibody or antibody fragment may be characterized
by clone-paired variable sequences as set forth in Table 1.
The antibody or antibody fragment may be characterized by
clone-paired variable sequences as set forth in Table 2. The
antibody or antibody fragment may be encoded by light and
heavy chain variable sequences having 70%, 80%, or 90%
identity to clone-paired sequences from Table 1. The anti-
body or antibody fragment may be encoded by light and
heavy chain variable sequences having 95% identity to
clone-paired sequences from Table 2. The antibody fragment
may be is a recombinant ScFv (single chain fragment
variable) antibody, Fab fragment, F(ab'), fragment, or Fv
fragment. The antibody may be an IgG, may be a chimeric
antibody, and/or may also binds to Ebola virus.

Also provided is a monoclonal antibody or fragment
thereof, wherein the antibody is characterized by clone-
paired heavy and light chain CDR sequences from Tables 3
and 4, respectively. The antibody or antibody fragment may
be encoded by light and heavy chain variable sequences
according to clone-paired sequences from Table 1. The
antibody or antibody fragment may be encoded by light and
heavy chain variable sequences having 70%, 80%, or 90%
identity to clone-paired sequences from Table 1. The anti-
body or antibody fragment may be encoded by light chain
and heavy variable sequences according to clone-paired
sequences from Table 2. The antibody or antibody fragment
may be encoded by light and heavy chain variable sequences
having 95% identity to clone-paired sequences from Table 2.
The antibody fragment may be a recombinant ScFv (single
chain fragment variable) antibody, Fab fragment, F(ab'"),
fragment, or Fv fragment.

The antibody may be a chimeric antibody, or is bispecific
antibody that targets a Marburg virus or Ebola virus antigen
other than glycoprotein. The bispecific antibody fragment
thereof may be bispecific antibody that (a) targets a struc-
tural feature of a Marburg virus or Ebola virus particle, and
(b) targets receptor binding domain of Marburg or Ebola
virus. The structural feature may be a Marburg or Ebola
virus glycoprotein domain other than the receptor binding
domain. The structural feature may be a Marburg or Ebola
virus virion structure other than the glycoprotein, such as a
lipid, carbohydrate or protein. The antibody or fragment
may be is a bispecific antibody that (a) targets a structural
feature of a Marburg virus or Ebola virus particle and (b)
targets a host cell surface structure cells that is trafficked to
endosomes. The host cell surface structure may be a virus
receptor (the cholesterol transporter Niemann-Pick C1) or
glycan. The antibody may be an IgG. The antibody may also
bind to Ebola virus. The antibody or antibody fragment may
further comprise a cell penetrating peptide or is an intrabody.

In addition, there is provided an engineered cell encoding
an antibody or fragment thereof characterized by clone-
paired heavy and light chain CDR sequences from Tables 3
and 4, respectively. The antibody may be antibody fragment
is encoded by light and heavy chain variable sequences
according to clone-paired sequences from Table 1. The
antibody or antibody fragment may be encoded by light and
heavy chain variable sequences having 70%, 80%, or 90%
identity to clone-paired sequences from Table 1. The anti-
body or antibody fragment may be encoded by light chain
and heavy variable sequences according to clone-paired
sequences from Table 2. The antibody or antibody fragment
may be encoded by light and heavy chain variable sequences
having 95% identity to clone-paired sequences from Table 2.
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The antibody fragment may be a recombinant ScFv (single
chain fragment variable) antibody, Fab fragment, F(ab'),
fragment, or Fv fragment. The antibody may be a chimeric
antibody. The antibody may be an IgG. The antibody may
also bind to Ebola virus. The antibody or antibody fragment
may further comprise a cell penetrating peptide or is an
intrabody.

In yet another embodiment, there is provided a method of
treating a subject infected with Marburg virus or Ebola
virus, or reducing the likelihood of infection of a subject at
risk of contracting Marburg virus or Ebola virus, comprising
delivery to said subject an antibody or antibody fragment
having clone-paired heavy and light chain CDR sequences
from Tables 3 and 4, respectively. The antibody or antibody
fragment may be a chimeric antibody, or is bispecific
antibody that targets a Marburg virus or Ebola virus antigen
other than glycoprotein. The antibody or antibody fragment
may be a bispecific antibody that (a) targets a structural
feature of'a Marburg virus or Ebola virus particle that effects
attachment of the antibody to the virus, and thus endocyto-
sis, and (b) targets receptor binding domain of Marburg or
Ebola virus in the endosome to block virus attachment to the
receptor. The structural feature may be a Marburg or Ebola
virus glycoprotein domain other than the receptor binding
domain, or the structural feature may be a Marburg or Ebola
virus virion structure other than the glycoprotein. The virion
structure is a lipid, carbohydrate or protein. The antibody or
antibody fragment may be a bispecific antibody that (a)
targets a structural feature of a Marburg virus or Ebola virus
particle that effects attachment of the antibody to the virus,
and thus endocytosis, and (b) targets a host cell surface
structure cells that is trafficked to endosomes. The antibody
or antibody fragment may be characterized by clone-paired
variable sequences as set forth in Table 1. The antibody or
antibody fragment may be characterized by clone-paired
variable sequences as set forth in Table 2. The antibody or
antibody fragment may be encoded by light and heavy chain
variable sequences having 70%, 80%, or 90% identity to
clone-paired sequences from Table 1. The antibody or anti-
body fragment may be encoded by light and heavy chain
variable sequences having 95% identity to clone-paired
sequences from Table 2. The antibody fragment may be is a
recombinant ScFv (single chain fragment variable) antibody,
Fab fragment, F(ab"), fragment, or Fv fragment.

The use of the word “a” or “an” when used in conjunction
with the term “comprising” in the claims and/or the speci-
fication may mean “one,” but it is also consistent with the
meaning of “one or more,” “at least one,” and “one or more
than one.” The word “about” means plus or minus 5% of the
stated number.

It is contemplated that any method or composition
described herein can be implemented with respect to any
other method or composition described herein. Other
objects, features and advantages of the present disclosure
will become apparent from the following detailed descrip-
tion. It should be understood, however, that the detailed
description and the specific examples, while indicating
specific embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the disclosure will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specifi-
cation and are included to further demonstrate certain
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aspects of the present disclosure. The disclosure may be
better understood by reference to one or more of these
drawings in combination with the detailed description of
specific embodiments presented herein.

FIGS. 1A-D. MARV neutralizing mAbs display a unique
binding pattern and target a distinct antigenic region on the
GP surface. (FIG. 1A) Neutralization activity of MR77
(non-neutralizing antibody) or MR213 (neutralizing anti-
body) against VSV/GP-Uganda (red circles) or MARV-
Uganda (black circles). Error bars represent the standard
errors of the experiment performed in triplicate. (FIG. 1B)
Binding of representative mAbs from four distinct Binding
Groups to the MARV GP (blue squares) or MARV GPAmuc
(green squares). Dotted line indicates 0.5 pug/ml. threshold
for categorizing Group 3 antibodies as possessing low (3A)
or high (3B) EC,, values. (FIG. 1C) Heatmap showing the
neutralization potency of MARV GP-specific mAbs against
VSV/GP-Uganda or MARV-Uganda. ICs, value for each
virus-mAb combination is shown, with dark red, orange,
yellow or white shading indicating high, intermediate, low
or no potency. IC,, values greater than 1,000 ng/ml are
indicated by >. Neutralization assays were performed in
triplicate. (FIG. 1D) Data from competition binding assays
using mAbs from Binding Groups 2, 3A or 3B. Numbers
indicate the percent binding of the competing mAb in the
presence of the first mAb, compared to binding of competing
mAb alone. MAbs were judged to compete for the same site
if maximum binding of the competing mAb was reduced to
<30% of its un-competed binding (black boxes with white
numbers). MAbs were considered non-competing if maxi-
mum binding of the competing mAb was >70% of its
un-competed binding (white boxes with red numbers). Grey
boxes with black numbers indicate an intermediate pheno-
type (between 30 and 70% of un-competed binding).

FIGS. 2A-D. Neutralizing antibodies from a human sur-
vivor of MARV bind to the receptor-binding site of GP at
two distinct angles of approach. (FIG. 2A) Representative
reference-free 2D class averages of the MARV GPAMuc:
MR Fab complexes. (FIG. B) EM reconstructions of seven
Fab fragments of neutralizing antibodies bound to MARV
GPAmuc (side views). All seven antibodies target a similar
epitope on the top of GP. (FIG. 2C) These antibodies can be
subdivided based on their angles of approach: i) those that
bind toward the top and side of GP1 at a shallow angle
relative to the central three-fold axis (MR72 in red, MR78
in orange, MR201 in yellow or MR82 in green) and ii) those
that bind at a steeper angle toward the top of GP1 (MR191
in cyan, MR111 in blue or MR198 in purple). (FIG. 2D) The
crystal structure of EBOV GPAmuc (GP1 in white and GP2
in dark grey) is modeled into the MARV GP density (mesh)
and the angles of approach of the neutralizing antibodies are
indicated with arrows, colored as in FIG. 2B. The footprint
of the antibodies is indicated by a black circle targeting
residues in the putative receptor-binding site (RBS) through
a variety of approach angles.

FIGS. 3A-B. Generation of escape mutants for MARV
neutralizing antibodies. (FIG. 3A) VSV-MARV-72.5 (dotted
lines) or VSV-MARV-78.1 (dashed line) escape mutations
mapped onto the domain schematic of MARV GP.
RBS=Receptor  binding site; GLC=glycan cap;
MUC=mucin-like domain. (FIG. 3B) Neutralization activity
of antibodies from Binding Group 3B against wild-type
VSV/GP-Uganda (circles, straight curves), VSV/GP-72.5
(squares, dotted curves) or VSV/GP-78.1 (triangles, dashed
curves) escape mutant viruses.

FIGS. 4A-B. Breadth of binding or neutralization of
human MARV-specific mAbs for diverse filoviruses. (FIG.
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4A) A heat map showing the binding in ELISA of neutral-
izing mAbs from Binding Group 3B to the MARV and
EBOV GPs. ECs,, value for each antigen-mAb combination
is shown, with dark red shading indicating lower EC,,
values and orange or yellow shading indicating intermediate
or higher EC,,, values. EC,, values greater than 1,000 ng/mL
are indicated by >. (FIG. 4B) A heatmap showing the
neutralization breadth of mAbs from Binding Group 3B. The
1C,, value for each virus-mAb combination is shown, with
dark red shading indicating increased potency and orange or
yellow shading indicating intermediate or low potency. ICs,
values greater than 1,000 pg/ml. are indicated by >. Neu-
tralization assays were performed in triplicate.

FIGS. 5A-C. Survival and clinical overview of mice
treated with MARV mAbs. Groups of mice at 5 animals per
group were injected with individual mAbs by the intraperi-
toneal route twice: 1 h prior and 24 h after MARV challenge
at 100 pg per treatment. Untreated animals served as con-
trols. (FIG. 5A) Kaplan-Meier survival curves. (FIG. 5B)
Body weight (FIG. 5C) Illness score.

FIG. 6. General Schematic of the Marburg Virus Glyco-
protein Trimer with Its Major Structural Domains and Fea-
tures. Related to the FIGS. 2A-D.

FIG. 7. Neutralization Activity of MARV GP-Specific
mAbs against VSV/GP-Uganda. Related to FIGS. 1A-D.
Red circles represent percent neutralization relative to con-
trol at different antibody concentrations. Logistic curves are
indicated by solid lines, and 95% confidence intervals are
indicated by dashed lines.

FIG. 8. Neutralization Activity of MARV GP-Specific
mAbs against MARV-Uganda. Related to FIGS. 1A-D. Red
circles represent percent neutralization relative to control at
different antibody concentrations. Logistic curves are indi-
cated by solid lines, and 95% confidence intervals are
indicated by dashed lines.

FIGS. 9A-B. Heatmaps Showing the Neutralization
Potency of MARV GP-Specific mAbs against VSV/GP-
Uganda in FIG. 9A or MARV-Uganda in FIG. 9B, Related
to FIGS. 1A-D. (FIGS. 9A-B) Half maximal inhibitory
concentration (ICs,) and confidence interval values (in
mg/ml) for each virus-mAb combination are shown, with
dark red, orange, yellow or white shading indicating high,
intermediate, low or no potency. ICs, values greater than
1,000 mg/ml are indicated by >. R2 values indicating curve
fit are shown for each virus-mAb combination, with dark
pink color indicating high R2 values. Neutralization assays
were performed in triplicate.

FIG. 10. Binding Patterns of MARV GP-Specific Anti-
bodies. Related to FIGS. 1A-D. Antibodies were segregated
into four Binding Groups based on the binding to MARV GP
(blue squares) or MARV GPDmuc (green squares). Binding
was categorized based on the values at the highest antibody
concentration tested and half maximal effective concentra-
tion (ECs,) as shown below:

Binding Group 1: Emax GP<2,

Binding Group 2: Emax GP>2, EC;, GP<EC;, GPDmuc,

Binding Group 3: Emax GP>2, EC,, GP zEC;, GPDmuc,

Binding Group 3A: Emax GP>2, EC,, GP zEC,,

GPDmuc, EC,, GP<0.5 mg/ml (dashed line), and

Binding Group 3B: Emax GP>2, EC,, GP zEC,,

GPDmuc, EC,, GP>0.5 mg/ml.

FIGS. 11A-B. Testing of two Marburg GP monoclonal
antibodies for therapeutic effect in a fatal guinea pig chal-
lenge model. (FIG. 11A) Guinea pigs challenged with
guinea pig adapted Angola strain of Marburg virus (treat-
ment with 10 mg per animal on day 4 post-infection). (FIG.
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11B) Guinea pigs challenged with guinea pig adapted Ravn
strain of Marburg virus (treatment with 10 mg per animal on
day 2 post-infection)

FIGS. 12A-B. Monkey challenge with two Marburg virus
strains. (FIG. 12A) Monkeys challenged with Angola strain
of Marburg virus (treatment on day 5 post-infection). (FIG.
12B) Monkeys challenged with Ravn strain of Marburg
virus (treatment on day 5 post-infection)

FIGS. 13A-]. Testing of additional antibodies in mice
challenged with a lethal dose of mouse-adapted Marburg
virus. Mice challenged with virus and 24 hours later injected
with 100 micrograms of many of the antibodies described
here, including: MR78 plant derived, MR82 plant derived,
MR186 plant derived, MR 191 plant derived and mammalian
cell expressed MR73, MR228, MR235, MR221, MR65,
MR78, MR79, MR103, MR111, MR114, MR144, MR186,
MR191, MRI198, MR201, MR208, MR209, MR229,
MR238, MR246. Most of the antibodies mediated a thera-
peutic effect. Especially of note is that the mAb MR228 that
did not neutralize in vitro mediated a therapeutic effect in
vivo, identifying a new antigenic site and mode of protec-
tion, by delivery of a non-receptor binding site antibody that
protects by a non-neutralizing mechanism, such as ADCC.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The inventor isolated a panel of neutralizing antibodies
(nAbs) from a human MARYV survivor that bound to MARV
glycoprotein (GP) and competed for binding to a single
major antigenic site. Remarkably, several of the Abs also
bound to Ebola virus (EBOV) GP. Single-particle EM struc-
tures of Ab-GP complexes revealed that all the nAbs bound
to MARV GP at or near the predicted region of the receptor-
binding site. The presence of the glycan cap or mucin-like
domain blocked binding of nAbs to EBOV GP but not to
MARYV GP. The data suggest that MARV nAbs inhibit virus
by binding to infectious virions at the exposed MARV
receptor-binding site, revealing a new mechanism of filovi-
rus inhibition. These and other aspects of the disclosure are
described in detail below.

1. Marburg Virus

Marburg virus is a hemorrhagic fever virus of the Filo-
viridae family of viruses and a member of the species
Marburg Marburgvirus, genus Marburgvirus. Marburg
virus (MARV) causes Marburg virus disease in humans and
nonhuman primates, a form of viral hemorrhagic fever.
Marburg virus was first noticed and described during small
epidemics in the German cities Marburg and Frankfurt and
the Yugoslav capital Belgrade in the 1960s. Workers were
accidentally exposed to tissues of infected grivets (Chloro-
cebus aethiops) at the city’s former main industrial plant, the
Behringwerke, then part of Hoechst, and today of CSL
Behring. During these outbreaks, 31 people became infected
and seven of them died. MARYV is a Select Agent, WHO
Risk Group 4 Pathogen (requiring biosafety level 4-equiva-
lent containment), NIH/National Institute of Allergy and
Infectious Diseases Category A Priority Pathogen, Centers
for Disease Control and Prevention Category A Bioterrorism
Agent, and is listed as a biological agent for export control
by the Australia Group.

Marburg virus was first described in 1967. Today, the
virus is one of two members of the species Marburg
Marburgvirus, which is included in the genus Marburgvirus,
family Filoviridae, order Mononegavirales. The name Mar-
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burg virus is derived from Marburg (the city in Hesse,
Germany, where the virus was first discovered) and the
taxonomic suffix virus. Marburg virus was first introduced
under this name in 1967. In 2005, the virus name was
changed to Lake Victoria marburgvirus, which unfortunately
was the same spelling as its specie Lake Victoria Marburg-
virus. However, most scientific articles continued to refer to
Marburg virus. Consequently, in 2010, the name Marburg
virus was reinstated and the species name changed. A
previous abbreviation for the virus was MBGV.

A virus that fulfills the criteria for being a member of the
species Marburg marburgvirus is a Marburg virus if its
genome diverges from that of the prototype Marburg mar-
burgvirus, Marburg virus variant Musoke (MARV/Mus), by
<10% at the nucleotide level. MARV is one of two mar-
burgviruses that causes Marburg virus disease (MVD) in
humans (in the literature also often referred to as Marburg
hemorrhagic fever, MHF).

Like all mononegaviruses, marburgvirions contain non-
infectious, linear nonsegmented, single-stranded RNA
genomes of negative polarity that possesses inverse-comple-
mentary 3' and 5' termini, do not possess a 5' cap, are not
polyadenylated, and are not covalently linked to a protein.
Marburgvirus genomes are approximately 19 kb long and
contain seven genes in the order 3'-UTR-NP-VP35-VP40-
GP-VP30-VP24-L-5'-UTR. The genomes of the two differ-
ent marburgviruses (MARV and RAVV) differ in sequence.

Like all filoviruses, marburgvirions are filamentous par-
ticles that may appear in the shape of a shepherd’s crook or
in the shape of a “U” or a “6”, and they may be coiled,
toroid, or branched. Marburgvirions are generally 80 nm in
width, but vary somewhat in length. In general, the median
particle length of marburgviruses ranges from 795 to 828 nm
(in contrast to ebola virions, whose median particle length
was measured to be 974-1,086 nm), but particles as long as
14,000 nm have been detected in tissue culture. Marburg-
virions consist of seven structural proteins. At the center is
the helical ribonucleocapsid, which consists of the genomic
RNA wrapped around a polymer of nucleoproteins (NP).
Associated with the ribonucleoprotein is the RNA-depen-
dent RNA polymerase (L) with the polymerase cofactor
(VP35) and a transcription activator (VP30). The ribo-
nucleoprotein is embedded in a matrix, formed by the major
(VP40) and minor (VP24) matrix proteins. These particles
are surrounded by a lipid membrane derived from the host
cell membrane. The membrane anchors a glycoprotein
(GP1,2) that projects 7 to 10 nm spikes away from its
surface. While nearly identical to ebolavirions in structure,
marburgvirions are antigenically distinct.

Niemann-Pick C1 (NPC1) appears to be essential for
Ebola and Marburg virus infection. Two independent studies
reported in the same issue of Nature showed that Ebola virus
cell entry and replication requires the cholesterol transporter
protein NPC1. When cells from patients lacking NPC1 were
exposed to Ebola virus in the laboratory, the cells survived
and appeared immune to the virus, further indicating that
Ebola relies on NPC1 to enter cells. This might imply that
genetic mutations in the NPC1 gene in humans could make
some people resistant to one of the deadliest known viruses
affecting humans. The same studies described similar results
with Ebola’s cousin in the filovirus group, Marburg virus,
showing that it too needs NPC1 to enter cells. Furthermore,
NPC1 was shown to be critical to filovirus entry because it
mediates infection by binding directly to the viral envelope
glycoprotein and that the second lysosomal domain of NPC1
mediates this binding.
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In one of the original studies, a small molecule was shown
to inhibit Ebola virus infection by preventing the virus
glycoprotein from binding to NPC1. In the other study, mice
that were heterozygous for NPC1 were shown to be pro-
tected from lethal challenge with mouse adapted Ebola
virus. Together, these studies suggest NPC1 may be poten-
tial therapeutic target for an Ebola anti-viral drug.

The Marburg virus life cycle begins with virion attach-
ment to specific cell-surface receptors, followed by fusion of
the virion envelope with cellular membranes and the con-
comitant release of the virus nucleocapsid into the cytosol.
The virus RdRp partially uncoats the nucleocapsid and
transcribes the genes into positive-stranded mRNAs, which
are then translated into structural and nonstructural proteins.
Marburgvirus L binds to a single promoter located at the 3'
end of the genome. Transcription either terminates after a
gene or continues to the next gene downstream. This means
that genes close to the 3' end of the genome are transcribed
in the greatest abundance, whereas those toward the 5' end
are least likely to be transcribed. The gene order is therefore
a simple but effective form of transcriptional regulation. The
most abundant protein produced is the nucleoprotein, whose
concentration in the cell determines when L switches from
gene transcription to genome replication. Replication results
in full-length, positive-stranded antigenomes that are in turn
transcribed into negative-stranded virus progeny genome
copies. Newly synthesized structural proteins and genomes
self-assemble and accumulate near the inside of the cell
membrane. Virions bud off from the cell, gaining their
envelopes from the cellular membrane they bud from. The
mature progeny particles then infect other cells to repeat the
cycle.

Diagnosis is usually not made from clinical findings.
There are polymerase chain reaction (PCR) and enzyme
linked immunosorbent assays (ELISA) that can detect the
Marburg virus later in the course of the disease.

Like Ebola and many other viral diseases, there is no
specific treatment for Marburg hemorrhagic fever. Patients
are given supportive hospital care by maintaining their fluid
and electrolyte balance and other considerations, such as
replacing lost blood and maintaining a good oxygen supply.

I1. Monoclonal Antibodies and Production Thereof

A. General Methods

It will be understood that monoclonal antibodies binding
to Marburg virus will have several applications. These
include the production of diagnostic kits for use in detecting
and diagnosing cancer, as well as for cancer therapies. In
these contexts, one may link such antibodies to diagnostic or
therapeutic agents, use them as capture agents or competi-
tors in competitive assays, or use them individually without
additional agents being attached thereto. The antibodies may
be mutated or modified, as discussed further below. Methods
for preparing and characterizing antibodies are well known
in the art (see, e.g., Antibodies: A Laboratory Manual, Cold
Spring Harbor Laboratory, 1988; U.S. Pat. No. 4,196,265).

The methods for generating monoclonal antibodies
(MADs) generally begin along the same lines as those for
preparing polyclonal antibodies. The first step for both these
methods is immunization of an appropriate host or identi-
fication of subjects who are immune due to prior natural
infection. As is well known in the art, a given composition
for immunization may vary in its immunogenicity. It is often
necessary therefore to boost the host immune system, as may
be achieved by coupling a peptide or polypeptide immuno-
gen to a carrier. Exemplary and preferred carriers are key-
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hole limpet hemocyanin (KLLH) and bovine serum albumin
(BSA). Other albumins such as ovalbumin, mouse serum
albumin or rabbit serum albumin can also be used as
carriers. Means for conjugating a polypeptide to a carrier
protein are well known in the art and include glutaraldehyde,
m-maleimidobencoyl-N-hydroxysuccinimide ester, carbo-
diimyde and bis-biazotized benzidine. As also is well known
in the art, the immunogenicity of a particular immunogen
composition can be enhanced by the use of non-specific
stimulators of the immune response, known as adjuvants.
Exemplary and preferred adjuvants include complete Fre-
und’s adjuvant (a non-specific stimulator of the immune
response containing killed Mycobacterium tuberculosis),
incomplete Freund’s adjuvants and aluminum hydroxide
adjuvant.

The amount of immunogen composition used in the
production of polyclonal antibodies varies upon the nature
of the immunogen as well as the animal used for immuni-
zation. A variety of routes can be used to administer the
immunogen (subcutaneous, intramuscular, intradermal,
intravenous and intraperitoneal). The production of poly-
clonal antibodies may be monitored by sampling blood of
the immunized animal at various points following immuni-
zation. A second, booster injection, also may be given. The
process of boosting and titering is repeated until a suitable
titer is achieved. When a desired level of immunogenicity is
obtained, the immunized animal can be bled and the serum
isolated and stored, and/or the animal can be used to
generate MAbs.

Following immunization, somatic cells with the potential
for producing antibodies, specifically B lymphocytes (B
cells), are selected for use in the MAb generating protocol.
These cells may be obtained from biopsied spleens or lymph
nodes, or from circulating blood. The antibody-producing B
lymphocytes from the immunized animal are then fused with
cells of an immortal myeloma cell, generally one of the same
species as the animal that was immunized or human or
human/mouse chimeric cells. Myeloma cell lines suited for
use in hybridoma-producing fusion procedures preferably
are non-antibody-producing, have high fusion efficiency,
and enzyme deficiencies that render then incapable of grow-
ing in certain selective media which support the growth of
only the desired fused cells (hybridomas). Any one of a
number of myeloma cells may be used, as are known to
those of skill in the art (Goding, pp. 65-66, 1986; Campbell,
pp. 75-83, 1984).

Methods for generating hybrids of antibody-producing
spleen or lymph node cells and myeloma cells usually
comprise mixing somatic cells with myeloma cells in a 2:1
proportion, though the proportion may vary from about 20:1
to about 1:1, respectively, in the presence of an agent or
agents (chemical or electrical) that promote the fusion of cell
membranes. Fusion methods using Sendai virus have been
described by Kohler and Milstein (1975; 1976), and those
using polyethylene glycol (PEG), such as 37% (v/v) PEG,
by Gefter et al. (1977). The use of electrically induced fusion
methods also is appropriate (Goding, pp. 71-74, 1986).
Fusion procedures usually produce viable hybrids at low
frequencies, about 1x107% to 1x10~%. However, this does not
pose a problem, as the viable, fused hybrids are differenti-
ated from the parental, infused cells (particularly the infused
myeloma cells that would normally continue to divide
indefinitely) by culturing in a selective medium. The selec-
tive medium is generally one that contains an agent that
blocks the de novo synthesis of nucleotides in the tissue
culture media. Exemplary and preferred agents are aminop-
terin, methotrexate, and azaserine. Aminopterin and metho-
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trexate block de novo synthesis of both purines and pyrimi-
dines, whereas azaserine blocks only purine synthesis.
Where aminopterin or methotrexate is used, the media is
supplemented with hypoxanthine and thymidine as a source
of nucleotides (HAT medium). Where azaserine is used, the
media is supplemented with hypoxanthine. Ouabain is added
if the B cell source is an Epstein Barr virus (EBV) trans-
formed human B cell line, in order to eliminate EBV
transformed lines that have not fused to the myeloma.

The preferred selection medium is HAT or HAT with
ouabain. Only cells capable of operating nucleotide salvage
pathways are able to survive in HAT medium. The myeloma
cells are defective in key enzymes of the salvage pathway,
e.g., hypoxanthine phosphoribosyl transferase (HPRT), and
they cannot survive. The B cells can operate this pathway,
but they have a limited life span in culture and generally die
within about two weeks. Therefore, the only cells that can
survive in the selective media are those hybrids formed from
myeloma and B cells. When the source of B cells used for
fusion is a line of EBV-transformed B cells, as here, ouabain
is also used for drug selection of hybrids as EBV-trans-
formed B cells are susceptible to drug killing, whereas the
myeloma partner used is chosen to be ouabain resistant.

Culturing provides a population of hybridomas from
which specific hybridomas are selected. Typically, selection
of hybridomas is performed by culturing the cells by single-
clone dilution in microtiter plates, followed by testing the
individual clonal supernatants (after about two to three
weeks) for the desired reactivity. The assay should be
sensitive, simple and rapid, such as radioimmunoassays,
enzyme immunoassays, cytotoxicity assays, plaque assays
dot immunobinding assays, and the like. The selected
hybridomas are then serially diluted or single-cell sorted by
flow cytometric sorting and cloned into individual antibody-
producing cell lines, which clones can then be propagated
indefinitely to provide mAbs. The cell lines may be
exploited for MAb production in two basic ways. A sample
of the hybridoma can be injected (often into the peritoneal
cavity) into an animal (e.g., a mouse). Optionally, the
animals are primed with a hydrocarbon, especially oils such
as pristane (tetramethylpentadecane) prior to injection.
When human hybridomas are used in this way, it is optimal
to inject immunocompromised mice, such as SCID mice, to
prevent tumor rejection. The injected animal develops
tumors secreting the specific monoclonal antibody produced
by the fused cell hybrid. The body fluids of the animal, such
as serum or ascites fluid, can then be tapped to provide
MAbs in high concentration. The individual cell lines could
also be cultured in vitro, where the MAbs are naturally
secreted into the culture medium from which they can be
readily obtained in high concentrations. Alternatively,
human hybridoma cells lines can be used in vitro to produce
immunoglobulins in cell supernatant. The cell lines can be
adapted for growth in serum-free medium to optimize the
ability to recover human monoclonal immunoglobulins of
high purity.

MAbs produced by either means may be further purified,
if desired, using filtration, centrifugation and various chro-
matographic methods such as FPLC or affinity chromatog-
raphy. Fragments of the monoclonal antibodies of the dis-
closure can be obtained from the purified monoclonal
antibodies by methods which include digestion with
enzymes, such as pepsin or papain, and/or by cleavage of
disulfide bonds by chemical reduction. Alternatively, mono-
clonal antibody fragments encompassed by the present dis-
closure can be synthesized using an automated peptide
synthesizer.
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It also is contemplated that a molecular cloning approach
may be used to generate monoclonals. For this, RNA can be
isolated from the hybridoma line and the antibody genes
obtained by RT-PCR and cloned into an immunoglobulin
expression vector. Alternatively, combinatorial immuno-
globulin phagemid libraries are prepared from RNA isolated
from the cell lines and phagemids expressing appropriate
antibodies are selected by panning using viral antigens. The
advantages of this approach over conventional hybridoma
techniques are that approximately 10* times as many anti-
bodies can be produced and screened in a single round, and
that new specificities are generated by H and L chain
combination which further increases the chance of finding
appropriate antibodies.

Other U.S. patents, each incorporated herein by reference,
that teach the production of antibodies useful in the present
disclosure include U.S. Pat. No. 5,565,332, which describes
the production of chimeric antibodies using a combinatorial
approach; U.S. Pat. No. 4,816,567 which describes recom-
binant immunoglobulin preparations; and U.S. Pat. No.
4,867,973 which describes antibody-therapeutic agent con-
jugates.

B. Antibodies of the Present Disclosure

Antibodies according to the present disclosure may be
defined, in the first instance, by their binding specificity,
which in this case is for Marburg virus glycoprotein (GP).
Those of skill in the art, by assessing the binding specificity/
affinity of a given antibody using techniques well known to
those of skill in the art, can determine whether such anti-
bodies fall within the scope of the instant claims. In one
aspect, there are provided a monoclonal antibodies having
clone-paired CDR’s from the heavy and light chains as
illustrated in Tables 3 and 4, respectively. Such antibodies
may be produced by the clones discussed below in the
Examples section using methods described herein.

In a second aspect, the antibodies may be defined by their
variable sequence, which include additional “framework”
regions. These are provided in Tables 1 and 2 that encode or
represent full variable regions. Furthermore, the antibodies
sequences may vary from these sequences, optionally using
methods discussed in greater detail below. For example,
nucleic acid sequences may vary from those set out above in
that (a) the variable regions may be segregated away from
the constant domains of the light and heavy chains, (b) the
nucleic acids may vary from those set out above while not
affecting the residues encoded thereby, (c) the nucleic acids
may vary from those set out above by a given percentage,
e.g., 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98% or 99% homology, (d) the nucleic
acids may vary from those set out above by virtue of the
ability to hybridize under high stringency conditions, as
exemplified by low salt and/or high temperature conditions,
such as provided by about 0.02 M to about 0.15 M NaCl at
temperatures of about 50° C. to about 70° C., (e) the amino
acids may vary from those set out above by a given
percentage, e.g., 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98% or 99% homology, or (f) the amino
acids may vary from those set out above by permitting
conservative substitutions (discussed below). Each of the
foregoing apply to the nucleic acid sequences set forth as
Table 1 and the amino acid sequences of Table 2.

C. Engineering of Antibody Sequences

In various embodiments, one may choose to engineer
sequences of the identified antibodies for a variety of
reasons, such as improved expression, improved cross-
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reactivity or diminished off-target binding. The following is
a general discussion of relevant techniques for antibody
engineering.

Hybridomas are cultured, then cells lysed, and total RNA
extracted. Random hexamers may be used with RT to
generate cDNA copies of RNA, and then PCR performed
using a multiplex mixture of PCR primers expected to
amplify all human variable gene sequences. PCR product
can be cloned into pGEM-T Easy vector, then sequenced by
automated DNA sequencing using standard vector primers.
Assay of binding and neutralization may be performed using
antibodies collected from hybridoma supernatants and puri-
fied by FPLC, using Protein G columns.

Recombinant full length IgG antibodies were generated
by subcloning heavy and light chain Fv DNAs from the
cloning vector into an IgG plasmid vector, transfected into
293 Freestyle cells or CHO cells, and antibodies were
collected an purified from the 293 or CHO cell supernatant.

The rapid availability of antibody produced in the same
host cell and cell culture process as the final cGMP manu-
facturing process has the potential to reduce the duration of
process development programs. Lonza has developed a
generic method using pooled transfectants grown in CDACF
medium, for the rapid production of small quantities (up to
50 g) of antibodies in CHO cells. Although slightly slower
than a true transient system, the advantages include a higher
product concentration and use of the same host and process
as the production cell line. Example of growth and produc-
tivity of GS-CHO pools, expressing a model antibody, in a
disposable bioreactor: in a disposable bag bioreactor culture
(5 L working volume) operated in fed-batch mode, a harvest
antibody concentration of 2 g/I. was achieved within 9
weeks of transfection.

Antibody molecules will comprise fragments (such as
F(ab"), F(ab"),) that are produced, for example, by the
proteolytic cleavage of the mAbs, or single-chain immuno-
globulins producible, for example, via recombinant means.
Such antibody derivatives are monovalent. In one embodi-
ment, such fragments can be combined with one another, or
with other antibody fragments or receptor ligands to form
“chimeric” binding molecules. Significantly, such chimeric
molecules may contain substituents capable of binding to
different epitopes of the same molecule.

In related embodiments, the antibody is a derivative of the
disclosed antibodies, e.g., an antibody comprising the CDR
sequences identical to those in the disclosed antibodies (e.g.,
a chimeric, or CDR-grafted antibody). Alternatively, one
may wish to make modifications, such as introducing con-
servative changes into an antibody molecule. In making
such changes, the hydropathic index of amino acids may be
considered. The importance of the hydropathic amino acid
index in conferring interactive biologic function on a protein
is generally understood in the art (Kyte and Doolittle, 1982).
It is accepted that the relative hydropathic character of the
amino acid contributes to the secondary structure of the
resultant protein, which in turn defines the interaction of the
protein with other molecules, for example, enzymes, sub-
strates, receptors, DNA, antibodies, antigens, and the like.

It also is understood in the art that the substitution of like
amino acids can be made effectively on the basis of hydro-
philicity. U.S. Pat. No. 4,554,101, incorporated herein by
reference, states that the greatest local average hydrophilic-
ity of a protein, as governed by the hydrophilicity of its
adjacent amino acids, correlates with a biological property
of the protein. As detailed in U.S. Pat. No. 4,554,101, the
following hydrophilicity values have been assigned to amino
acid residues: basic amino acids: arginine (+3.0), lysine
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(+3.0), and histidine (-0.5); acidic amino acids: aspartate
(+3.0x1), glutamate (+3.0x1), asparagine (+0.2), and gluta-
mine (+0.2); hydrophilic, nonionic amino acids: serine
(+0.3), asparagine (+0.2), glutamine (+0.2), and threonine
(-=0.4), sulfur containing amino acids: cysteine (-1.0) and
methionine (-1.3); hydrophobic, nonaromatic amino acids:
valine (-1.5), leucine (-1.8), isoleucine (-1.8), proline
(-0.5£1), alanine (-0.5), and glycine (0); hydrophobic,
aromatic amino acids: tryptophan (-3.4), phenylalanine
(-2.5), and tyrosine (-2.3).

It is understood that an amino acid can be substituted for
another having a similar hydrophilicity and produce a bio-
logically or immunologically modified protein. In such
changes, the substitution of amino acids whose hydrophi-
licity values are within +2 is preferred, those that are within
=1 are particularly preferred, and those within £0.5 are even
more particularly preferred.

As outlined above, amino acid substitutions generally are
based on the relative similarity of the amino acid side-chain
substituents, for example, their hydrophobicity, hydrophi-
licity, charge, size, and the like. Exemplary substitutions that
take into consideration the various foregoing characteristics
are well known to those of skill in the art and include:
arginine and lysine; glutamate and aspartate; serine and
threonine; glutamine and asparagine; and valine, leucine and
isoleucine.

The present disclosure also contemplates isotype modifi-
cation. By modifying the Fc region to have a different
isotype, different functionalities can be achieved. For
example, changing to IgG, can increase antibody dependent
cell cytotoxicity, switching to class A can improve tissue
distribution, and switching to class M can improve valency.

Modified antibodies may be made by any technique
known to those of skill in the art, including expression
through standard molecular biological techniques, or the
chemical synthesis of polypeptides. Methods for recombi-
nant expression are addressed elsewhere in this document.

D. Single Chain Antibodies

A Single Chain Variable Fragment (scFv) is a fusion of the
variable regions of the heavy and light chains of immuno-
globulins, linked together with a short (usually serine,
glycine) linker. This chimeric molecule retains the specific-
ity of the original immunoglobulin, despite removal of the
constant regions and the introduction of a linker peptide.
This modification usually leaves the specificity unaltered.
These molecules were created historically to facilitate phage
display where it is highly convenient to express the antigen
binding domain as a single peptide. Alternatively, scFv can
be created directly from subcloned heavy and light chains
derived from a hybridoma. Single chain variable fragments
lack the constant Fc region found in complete antibody
molecules, and thus, the common binding sites (e.g., protein
A/G) used to purify antibodies. These fragments can often
be purified/immobilized using Protein L. since Protein L
interacts with the variable region of kappa light chains.

Flexible linkers generally are comprised of helix- and
turn-promoting amino acid residues such as alaine, serine
and glycine. However, other residues can function as well.
Tang et al. (1996) used phage display as a means of rapidly
selecting tailored linkers for single-chain antibodies (scFvs)
from protein linker libraries. A random linker library was
constructed in which the genes for the heavy and light chain
variable domains were linked by a segment encoding an
18-amino acid polypeptide of variable composition. The
scFv repertoire (approx. 5x10° different members) was dis-
played on filamentous phage and subjected to affinity selec-
tion with hapten. The population of selected variants exhib-
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ited significant increases in binding activity but retained
considerable sequence diversity. Screening 1054 individual
variants subsequently yielded a catalytically active scFv that
was produced efficiently in soluble form. Sequence analysis
revealed a conserved proline in the linker two residues after
the V, C terminus and an abundance of arginines and
prolines at other positions as the only common features of
the selected tethers.

The recombinant antibodies of the present disclosure may
also involve sequences or moieties that permit dimerization
or multimerization of the receptors. Such sequences include
those derived from IgA, which permit formation of multi-
mers in conjunction with the J-chain. Another multimeriza-
tion domain is the Gal4 dimerization domain. In other
embodiments, the chains may be modified with agents such
as biotin/avidin, which permit the combination of two anti-
bodies.

In a separate embodiment, a single-chain antibody can be
created by joining receptor light and heavy chains using a
non-peptide linker or chemical unit. Generally, the light and
heavy chains will be produced in distinct cells, purified, and
subsequently linked together in an appropriate fashion (i.e.,
the N-terminus of the heavy chain being attached to the
C-terminus of the light chain via an appropriate chemical
bridge).

Cross-linking reagents are used to form molecular bridges
that tie functional groups of two different molecules, e.g., a
stabilizing and coagulating agent. However, it is contem-
plated that dimers or multimers of the same analog or
heteromeric complexes comprised of different analogs can
be created. To link two different compounds in a step-wise
manner, hetero-bifunctional cross-linkers can be used that
eliminate unwanted homopolymer formation.

An exemplary hetero-bifunctional cross-linker contains
two reactive groups: one reacting with primary amine group
(e.g., N-hydroxy succinimide) and the other reacting with a
thiol group (e.g., pyridyl disulfide, maleimides, halogens,
etc.). Through the primary amine reactive group, the cross-
linker may react with the lysine residue(s) of one protein
(e.g., the selected antibody or fragment) and through the
thiol reactive group, the cross-linker, already tied up to the
first protein, reacts with the cysteine residue (free sulthydryl
group) of the other protein (e.g., the selective agent).

It is preferred that a cross-linker having reasonable sta-
bility in blood will be employed. Numerous types of disul-
fide-bond containing linkers are known that can be success-
fully employed to conjugate targeting and therapeutic/
preventative agents. Linkers that contain a disulfide bond
that is sterically hindered may prove to give greater stability
in vivo, preventing release of the targeting peptide prior to
reaching the site of action. These linkers are thus one group
of linking agents.

Another cross-linking reagent is SMPT, which is a bifunc-
tional cross-linker containing a disulfide bond that is “ste-
rically hindered” by an adjacent benzene ring and methyl
groups. It is believed that steric hindrance of the disulfide
bond serves a function of protecting the bond from attack by
thiolate anions such as glutathione which can be present in
tissues and blood, and thereby help in preventing decoupling
of the conjugate prior to the delivery of the attached agent
to the target site.

The SMPT cross-linking reagent, as with many other
known cross-linking reagents, lends the ability to cross-link
functional groups such as the SH of cysteine or primary
amines (e.g., the epsilon amino group of lysine). Another
possible type of cross-linker includes the hetero-bifunctional
photoreactive phenylazides containing a cleavable disulfide
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bond such as sulfosuccinimidyl-2-(p-azido salicylamido)
ethyl-1,3'-dithiopropionate. The N-hydroxy-succinimidyl
group reacts with primary amino groups and the phenylazide
(upon photolysis) reacts non-selectively with any amino acid
residue.

In addition to hindered cross-linkers, non-hindered linkers
also can be employed in accordance herewith. Other useful
cross-linkers, not considered to contain or generate a pro-
tected disulfide, include SATA, SPDP and 2-iminothiolane
(Wawrzynczak & Thorpe, 1987). The use of such cross-
linkers is well understood in the art. Another embodiment
involves the use of flexible linkers.

U.S. Pat. No. 4,680,338, describes bifunctional linkers
useful for producing conjugates of ligands with amine-
containing polymers and/or proteins, especially for forming
antibody conjugates with chelators, drugs, enzymes, detect-
able labels and the like. U.S. Pat. Nos. 5,141,648 and
5,563,250 disclose cleavable conjugates containing a labile
bond that is cleavable under a variety of mild conditions.
This linker is particularly useful in that the agent of interest
may be bonded directly to the linker, with cleavage resulting
in release of the active agent. Particular uses include adding
a free amino or free sulthydryl group to a protein, such as an
antibody, or a drug.

U.S. Pat. No. 5,856,456 provides peptide linkers for use
in connecting polypeptide constituents to make fusion pro-
teins, e.g., single chain antibodies. The linker is up to about
50 amino acids in length, contains at least one occurrence of
a charged amino acid (preferably arginine or lysine) fol-
lowed by a proline, and is characterized by greater stability
and reduced aggregation. U.S. Pat. No. 5,880,270 discloses
aminooxy-containing linkers useful in a variety of immu-
nodiagnostic and separative techniques.

E. Intrabodies

In a particular embodiment, the antibody is a recombinant
antibody that is suitable for action inside of a cell—such
antibodies are known as “intrabodies.” These antibodies
may interfere with target function by a variety of mecha-
nism, such as by altering intracellular protein trafficking,
interfering with enzymatic function, and blocking protein-
protein or protein-DNA interactions. In many ways, their
structures mimic or parallel those of single chain and single
domain antibodies, discussed above. Indeed, single-tran-
script/single-chain is an important feature that permits intra-
cellular expression in a target cell, and also makes protein
transit across cell membranes more feasible. However, addi-
tional features are required.

The two major issues impacting the implementation of
intrabody therapeutic are delivery, including cell/tissue tar-
geting, and stability. With respect to delivery, a variety of
approaches have been employed, such as tissue-directed
delivery, use of cell-type specific promoters, viral-based
delivery and use of cell-permeability/membrane translocat-
ing peptides. With respect to the stability, the approach is
generally to either screen by brute force, including methods
that involve phage display and may include sequence matu-
ration or development of consensus sequences, or more
directed modifications such as insertion stabilizing
sequences (e.g., Fc regions, chaperone protein sequences,
leucine zippers) and disulfide replacement/modification.

An additional feature that intrabodies may require is a
signal for intracellular targeting. Vectors that can target
intrabodies (or other proteins) to subcellular regions such as
the cytoplasm, nucleus, mitochondria and ER have been
designed and are commercially available (Invitrogen Corp.;
Persic et al., 1997).
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By virtue of their ability to enter cells, intrabodies have
additional uses that other types of antibodies may not
achieve. In the case of the present antibodies, the ability to
interact with the MUCI] cytoplasmic domain in a living cell
may interfere with functions associated with the MUC1 CD,
such as signaling functions (binding to other molecules) or
oligomer formation. In particular, it is contemplated that
such antibodies can be used to inhibit MUC1 dimer forma-
tion.

F. Purification

In certain embodiments, the antibodies of the present
disclosure may be purified. The term “purified,” as used
herein, is intended to refer to a composition, isolatable from
other components, wherein the protein is purified to any
degree relative to its naturally-obtainable state. A purified
protein therefore also refers to a protein, free from the
environment in which it may naturally occur. Where the
term “substantially purified” is used, this designation will
refer to a composition in which the protein or peptide forms
the major component of the composition, such as constitut-
ing about 50%, about 60%, about 70%, about 80%, about
90%, about 95% or more of the proteins in the composition.

Protein purification techniques are well known to those of
skill in the art. These techniques involve, at one level, the
crude fractionation of the cellular milieu to polypeptide and
non-polypeptide fractions. Having separated the polypeptide
from other proteins, the polypeptide of interest may be
further purified using chromatographic and electrophoretic
techniques to achieve partial or complete purification (or
purification to homogeneity). Analytical methods particu-
larly suited to the preparation of a pure peptide are ion-
exchange chromatography, exclusion chromatography;
polyacrylamide gel electrophoresis; isoelectric focusing.
Other methods for protein purification include, precipitation
with ammonium sulfate, PEG, antibodies and the like or by
heat denaturation, followed by centrifugation; gel filtration,
reverse phase, hydroxylapatite and affinity chromatography;
and combinations of such and other techniques.

In purifying an antibody of the present disclosure, it may
be desirable to express the polypeptide in a prokaryotic or
eukaryotic expression system and extract the protein using
denaturing conditions. The polypeptide may be purified
from other cellular components using an affinity column,
which binds to a tagged portion of the polypeptide. As is
generally known in the art, it is believed that the order of
conducting the various purification steps may be changed, or
that certain steps may be omitted, and still result in a suitable
method for the preparation of a substantially purified protein
or peptide.

Commonly, complete antibodies are fractionated utilizing
agents (i.e., protein A) that bind the Fc portion of the
antibody. Alternatively, antigens may be used to simultane-
ously purify and select appropriate antibodies. Such meth-
ods often utilize the selection agent bound to a support, such
as a column, filter or bead. The antibodies is bound to a
support, contaminants removed (e.g., washed away), and the
antibodies released by applying conditions (salt, heat, etc.).

Various methods for quantifying the degree of purification
of the protein or peptide will be known to those of skill in
the art in light of the present disclosure. These include, for
example, determining the specific activity of an active
fraction, or assessing the amount of polypeptides within a
fraction by SDS/PAGE analysis. Another method for assess-
ing the purity of a fraction is to calculate the specific activity
of the fraction, to compare it to the specific activity of the
initial extract, and to thus calculate the degree of purity. The
actual units used to represent the amount of activity will, of
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course, be dependent upon the particular assay technique
chosen to follow the purification and whether or not the
expressed protein or peptide exhibits a detectable activity.

It is known that the migration of a polypeptide can vary,
sometimes significantly, with different conditions of SDS/
PAGE (Capaldi et al., 1977). It will therefore be appreciated
that under differing electrophoresis conditions, the apparent
molecular weights of purified or partially purified expression
products may vary.

II1. Active/Passive Immunization and Treatment of
Marburg Infection

A. Formulation and Administration

The present disclosure provides pharmaceutical compo-
sitions comprising anti-Marburg virus antibodies and anti-
gens for generating the same. Such compositions comprise
a prophylactically or therapeutically effective amount of an
antibody or a fragment thereof, or a peptide immunogen, and
a pharmaceutically acceptable carrier. In a specific embodi-
ment, the term ‘“pharmaceutically acceptable” means
approved by a regulatory agency of the Federal or a state
government or listed in the U.S. Pharmacopeia or other
generally recognized pharmacopeia for use in animals, and
more particularly in humans. The term “carrier” refers to a
diluent, excipient, or vehicle with which the therapeutic is
administered. Such pharmaceutical carriers can be sterile
liquids, such as water and oils, including those of petroleum,
animal, vegetable or synthetic origin, such as peanut oil,
soybean oil, mineral oil, sesame oil and the like. Water is a
particular carrier when the pharmaceutical composition is
administered intravenously. Saline solutions and aqueous
dextrose and glycerol solutions can also be employed as
liquid carriers, particularly for injectable solutions. Other
suitable pharmaceutical excipients include starch, glucose,
lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel,
sodium stearate, glycerol monostearate, talc, sodium chlo-
ride, dried skim milk, glycerol, propylene, glycol, water,
ethanol and the like.

The composition, if desired, can also contain minor
amounts of wetting or emulsifying agents, or pH buffering
agents. These compositions can take the form of solutions,
suspensions, emulsion, tablets, pills, capsules, powders,
sustained-release formulations and the like. Oral formula-
tions can include standard carriers such as pharmaceutical
grades of mannitol, lactose, starch, magnesium stearate,
sodium saccharine, cellulose, magnesium carbonate, etc.
Examples of suitable pharmaceutical agents are described in
“Remington’s Pharmaceutical Sciences.” Such composi-
tions will contain a prophylactically or therapeutically effec-
tive amount of the antibody or fragment thereof, preferably
in purified form, together with a suitable amount of carrier
so as to provide the form for proper administration to the
patient. The formulation should suit the mode of adminis-
tration, which can be oral, intravenous, intraarterial, intra-
buccal, intranasal, nebulized, bronchial inhalation, or deliv-
ered by mechanical ventilation.

Active vaccines of the present disclosure, as described
herein, can be formulated for parenteral administration, e.g.,
formulated for injection via the intradermal, intravenous,
intramuscular, subcutaneous, or even intraperitoneal routes.
Administration by the intradermal and intramuscular routes
are specifically contemplated. The vaccine could alterna-
tively be administered by a topical route directly to the
mucosa, for example by nasal drops, inhalation, or by
nebulizer. Pharmaceutically acceptable salts, include the
acid salts and those which are formed with inorganic acids
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such as, for example, hydrochloric or phosphoric acids, or
such organic acids as acetic, oxalic, tartaric, mandelic, and
the like. Salts formed with the free carboxyl groups may also
be derived from inorganic bases such as, for example,
sodium, potassium, ammonium, calcium, or ferric hydrox-
ides, and such organic bases as isopropylamine, trimethyl-
amine, 2-ethylamino ethanol, histidine, procaine, and the
like.

Passive transfer of antibodies, known as artificially
acquired passive immunity, generally will involve the use of
intravenous or intramuscular injections. The forms of anti-
body can be human or animal blood plasma or serum, as
pooled human immunoglobulin for intravenous (IVIG) or
intramuscular (IG) use, as high-titer human IVIG or IG from
immunized or from donors recovering from disease, and as
monoclonal antibodies (MAb). Such immunity generally
lasts for only a short period of time, and there is also a
potential risk for hypersensitivity reactions, and serum sick-
ness, especially from gamma globulin of non-human origin.
However, passive immunity provides immediate protection.
The antibodies will be formulated in a carrier suitable for
injection, i.e., sterile and syringeable.

Generally, the ingredients of compositions of the disclo-
sure are supplied either separately or mixed together in unit
dosage form, for example, as a dry lyophilized powder or
water-free concentrate in a hermetically sealed container
such as an ampoule or sachette indicating the quantity of
active agent. Where the composition is to be administered by
infusion, it can be dispensed with an infusion bottle con-
taining sterile pharmaceutical grade water or saline. Where
the composition is administered by injection, an ampoule of
sterile water for injection or saline can be provided so that
the ingredients may be mixed prior to administration.

The compositions of the disclosure can be formulated as
neutral or salt forms. Pharmaceutically acceptable salts
include those formed with anions such as those derived from
hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc.,
and those formed with cations such as those derived from
sodium, potassium, ammonium, calcium, ferric hydroxides,
isopropylamine, triethylamine, 2-ethylamino ethanol, histi-
dine, procaine, etc.

IV. Antibody Conjugates

Antibodies of the present disclosure may be linked to at
least one agent to form an antibody conjugate. In order to
increase the efficacy of antibody molecules as diagnostic or
therapeutic agents, it is conventional to link or covalently
bind or complex at least one desired molecule or moiety.
Such a molecule or moiety may be, but is not limited to, at
least one effector or reporter molecule. Effector molecules
comprise molecules having a desired activity, e.g., cytotoxic
activity. Non-limiting examples of effector molecules which
have been attached to antibodies include toxins, anti-tumor
agents, therapeutic enzymes, radionuclides, antiviral agents,
chelating agents, cytokines, growth factors, and oligo- or
polynucleotides. By contrast, a reporter molecule is defined
as any moiety which may be detected using an assay.
Non-limiting examples of reporter molecules which have
been conjugated to antibodies include enzymes, radiolabels,
haptens, fluorescent labels, phosphorescent molecules,
chemiluminescent molecules, chromophores, photoaffinity
molecules, colored particles or ligands, such as biotin.

Antibody conjugates are generally preferred for use as
diagnostic agents. Antibody diagnostics generally fall within
two classes, those for use in in vitro diagnostics, such as in
a variety of immunoassays, and those for use in vivo
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diagnostic protocols, generally known as “antibody-directed
imaging.” Many appropriate imaging agents are known in
the art, as are methods for their attachment to antibodies
(see, for e.g., U.S. Pat. Nos. 5,021,236, 4,938,948, and
4,472,509). The imaging moieties used can be paramagnetic
ions, radioactive isotopes, fluorochromes, NMR-detectable
substances, and X-ray imaging agents.

In the case of paramagnetic ions, one might mention by
way of example ions such as chromium (III), manganese
(D), iron (III), iron (II), cobalt (II), nickel (II), copper (ID),
neodymium (II), samarium (III), ytterbium (III), gado-
linium (II), vanadium (1), terbium (III), dysprosium (III),
holmium (IIT) and/or erbium (III), with gadolinium being
particularly preferred. Ions useful in other contexts, such as
X-ray imaging, include but are not limited to lanthanum
(I1), gold (III), lead (II), and especially bismuth (III).

In the case of radioactive isotopes for therapeutic and/or
diagnostic application, one might mention astatine®'*, “*car-
bon, >'chromium, *®chlorine, *’cobalt, **cobalt, copper®’,
152En, gallium®’, *hydrogen, iodine’*?, iodine'?, jodine'*?,
indium'*, *®iron, *?phosphorus, rhenium'®S, rhenium®*®,
" selenium, >*sulphur, technicium®™ and/or yttrium®. '
is often being preferred for use in certain embodiments, and
technicium®™ and/or indium®!! are also often preferred due
to their low energy and suitability for long range detection.
Radioactively labeled monoclonal antibodies of the present
disclosure may be produced according to well-known meth-
ods in the art. For instance, monoclonal antibodies can be
iodinated by contact with sodium and/or potassium iodide
and a chemical oxidizing agent such as sodium hypochlorite,
or an enzymatic oxidizing agent, such as lactoperoxidase.
Monoclonal antibodies according to the disclosure may be
labeled with technetium®™ by ligand exchange process, for
example, by reducing pertechnate with stannous solution,
chelating the reduced technetium onto a Sephadex column
and applying the antibody to this column. Alternatively,
direct labeling techniques may be used, e.g., by incubating
pertechnate, a reducing agent such as SNCl,, a buffer
solution such as sodium-potassium phthalate solution, and
the antibody. Intermediary functional groups which are often
used to bind radioisotopes which exist as metallic ions to
antibody are diethylenetriaminepentaacetic acid (DTPA) or
ethylene diaminetetracetic acid (EDTA).

Among the fluorescent labels contemplated for use as
conjugates include Alexa 350, Alexa 430, AMCA, BODIPY
630/650, BODIPY 650/665, BODIPY-FL, BODIPY-R6G,
BODIPY-TMR, BODIPY-TRX, Cascade Blue, Cy3, Cy5,6-
FAM, Fluorescein Isothiocyanate, HEX, 6-JOE, Oregon
Green 488, Oregon Green 500, Oregon Green 514, Pacific
Blue, REG, Rhodamine Green, Rhodamine Red, Reno-
graphin, ROX, TAMRA, TET, Tetramethylrhodamine, and/
or Texas Red.

Another type of antibody conjugates contemplated in the
present disclosure are those intended primarily for use in
vitro, where the antibody is linked to a secondary binding
ligand and/or to an enzyme (an enzyme tag) that will
generate a colored product upon contact with a chromogenic
substrate. Examples of suitable enzymes include urease,
alkaline phosphatase, (horseradish) hydrogen peroxidase or
glucose oxidase. Preferred secondary binding ligands are
biotin and avidin and streptavidin compounds. The use of
such labels is well known to those of skill in the art and are
described, for example, in U.S. Pat. Nos. 3,817,837, 3,850,
752,3,939,350, 3,996,345, 4,277,437, 4,275,149 and 4,366,
241.

Yet another known method of site-specific attachment of
molecules to antibodies comprises the reaction of antibodies
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with hapten-based affinity labels. Essentially, hapten-based
affinity labels react with amino acids in the antigen binding
site, thereby destroying this site and blocking specific anti-
gen reaction. However, this may not be advantageous since
it results in loss of antigen binding by the antibody conju-
gate.

Molecules containing azido groups may also be used to
form covalent bonds to proteins through reactive nitrene
intermediates that are generated by low intensity ultraviolet
light (Potter and Haley, 1983). In particular, 2- and 8-azido
analogues of purine nucleotides have been used as site-
directed photoprobes to identify nucleotide binding proteins
in crude cell extracts (Owens & Haley, 1987; Atherton et al.,
1985). The 2- and 8-azido nucleotides have also been used
to map nucleotide binding domains of purified proteins
(Khatoon et al., 1989; King et al., 1989; Dholakia et al.,
1989) and may be used as antibody binding agents.

Several methods are known in the art for the attachment
or conjugation of an antibody to its conjugate moiety. Some
attachment methods involve the use of a metal chelate
complex employing, for example, an organic chelating agent
such a diethylenetriaminepentaacetic acid anhydride
(DTPA); ethylenetriaminetetraacetic acid; N-chloro-p-tolu-
enesulfonamide; and/or tetrachloro-3a-6c-diphenylgly-
couril-3 attached to the antibody (U.S. Pat. Nos. 4,472,509
and 4,938,948). Monoclonal antibodies may also be reacted
with an enzyme in the presence of a coupling agent such as
glutaraldehyde or periodate. Conjugates with fluorescein
markers are prepared in the presence of these coupling
agents or by reaction with an isothiocyanate. In U.S. Pat. No.
4,938,948, imaging of breast tumors is achieved using
monoclonal antibodies and the detectable imaging moieties
are bound to the antibody using linkers such as methyl-p-
hydroxybenzimidate or N-succinimidyl-3-(4-hydroxyphe-
nyl)propionate.

In other embodiments, derivatization of immunoglobulins
by selectively introducing sulthydryl groups in the Fc region
of' an immunoglobulin, using reaction conditions that do not
alter the antibody combining site are contemplated. Anti-
body conjugates produced according to this methodology
are disclosed to exhibit improved longevity, specificity and
sensitivity (U.S. Pat. No. 5,196,066, incorporated herein by
reference). Site-specific attachment of effector or reporter
molecules, wherein the reporter or effector molecule is
conjugated to a carbohydrate residue in the Fc region have
also been disclosed in the literature (O’Shannessy et al.,
1987). This approach has been reported to produce diagnos-
tically and therapeutically promising antibodies which are
currently in clinical evaluation.

V. Immunodetection Methods

In still further embodiments, the present disclosure con-
cerns immunodetection methods for binding, purifying,
removing, quantifying and otherwise generally detecting
Marburg virus and its associated antigens. While such
methods can be applied in a traditional sense, another use
will be in quality control and monitoring of vaccine and
other virus stocks, where antibodies according to the present
disclosure can be used to assess the amount or integrity (i.e.,
long term stability) of H1 antigens in viruses. Alternatively,
the methods may be used to screen various antibodies for
appropriate/desired reactivity profiles.

Some immunodetection methods include enzyme linked
immunosorbent assay (ELISA), radioimmunoassay (RIA),
immunoradiometric assay, fluoroimmunoassay, chemilumi-
nescent assay, bioluminescent assay, and Western blot to
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mention a few. In particular, a competitive assay for the
detection and quantitation of Marburg virus antibodies
directed to specific parasite epitopes in samples also is
provided. The steps of various useful immunodetection
methods have been described in the scientific literature, such
as, e.g., Doolittle and Ben-Zeev (1999), Gulbis and Galand
(1993), De Jager et al. (1993), and Nakamura et al. (1987).
In general, the immunobinding methods include obtaining a
sample suspected of containing Marburg virus, and contact-
ing the sample with a first antibody in accordance with the
present disclosure, as the case may be, under conditions
effective to allow the formation of immunocomplexes.

These methods include methods for purifying Marburg
virus or related antigens from a sample. The antibody will
preferably be linked to a solid support, such as in the form
of'a column matrix, and the sample suspected of containing
the Marburg virus or antigenic component will be applied to
the immobilized antibody. The unwanted components will
be washed from the column, leaving the Marburg virus
antigen immunocomplexed to the immobilized antibody,
which is then collected by removing the organism or antigen
from the column.

The immunobinding methods also include methods for
detecting and quantifying the amount of Marburg virus or
related components in a sample and the detection and
quantification of any immune complexes formed during the
binding process. Here, one would obtain a sample suspected
of containing Marburg virus or its antigens, and contact the
sample with an antibody that binds Marburg virus or com-
ponents thereof, followed by detecting and quantifying the
amount of immune complexes formed under the specific
conditions. In terms of antigen detection, the biological
sample analyzed may be any sample that is suspected of
containing Marburg virus or Marburg virus antigen, such as
a tissue section or specimen, a homogenized tissue extract,
a biological fluid, including blood and serum, or a secretion,
such as feces or urine.

Contacting the chosen biological sample with the anti-
body under effective conditions and for a period of time
sufficient to allow the formation of immune complexes
(primary immune complexes) is generally a matter of simply
adding the antibody composition to the sample and incubat-
ing the mixture for a period of time long enough for the
antibodies to form immune complexes with, i.e., to bind to
Marburg virus or antigens present. After this time, the
sample-antibody composition, such as a tissue section,
ELISA plate, dot blot or Western blot, will generally be
washed to remove any non-specifically bound antibody
species, allowing only those antibodies specifically bound
within the primary immune complexes to be detected.

In general, the detection of immunocomplex formation is
well known in the art and may be achieved through the
application of numerous approaches. These methods are
generally based upon the detection of a label or marker, such
as any of those radioactive, fluorescent, biological and
enzymatic tags. Patents concerning the use of such labels
include U.S. Pat. Nos. 3,817,837, 3,850,752, 3,939,350,
3,996,345, 4,277,437, 4,275,149 and 4,366,241. Of course,
one may find additional advantages through the use of a
secondary binding ligand such as a second antibody and/or
a biotin/avidin ligand binding arrangement, as is known in
the art.

The antibody employed in the detection may itself be
linked to a detectable label, wherein one would then simply
detect this label, thereby allowing the amount of the primary
immune complexes in the composition to be determined.
Alternatively, the first antibody that becomes bound within
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the primary immune complexes may be detected by means
of a second binding ligand that has binding affinity for the
antibody. In these cases, the second binding ligand may be
linked to a detectable label. The second binding ligand is
itself often an antibody, which may thus be termed a
“secondary” antibody. The primary immune complexes are
contacted with the labeled, secondary binding ligand, or
antibody, under effective conditions and for a period of time
sufficient to allow the formation of secondary immune
complexes. The secondary immune complexes are then
generally washed to remove any non-specifically bound
labeled secondary antibodies or ligands, and the remaining
label in the secondary immune complexes is then detected.

Further methods include the detection of primary immune
complexes by a two-step approach. A second binding ligand,
such as an antibody that has binding affinity for the antibody,
is used to form secondary immune complexes, as described
above. After washing, the secondary immune complexes are
contacted with a third binding ligand or antibody that has
binding affinity for the second antibody, again under effec-
tive conditions and for a period of time sufficient to allow the
formation of immune complexes (tertiary immune com-
plexes). The third ligand or antibody is linked to a detectable
label, allowing detection of the tertiary immune complexes
thus formed. This system may provide for signal amplifica-
tion if this is desired.

One method of immunodetection uses two different anti-
bodies. A first biotinylated antibody is used to detect the
target antigen, and a second antibody is then used to detect
the biotin attached to the complexed biotin. In that method,
the sample to be tested is first incubated in a solution
containing the first step antibody. If the target antigen is
present, some of the antibody binds to the antigen to form a
biotinylated antibody/antigen complex. The antibody/anti-
gen complex is then amplified by incubation in successive
solutions of streptavidin (or avidin), biotinylated DNA,
and/or complementary biotinylated DNA, with each step
adding additional biotin sites to the antibody/antigen com-
plex. The amplification steps are repeated until a suitable
level of amplification is achieved, at which point the sample
is incubated in a solution containing the second step anti-
body against biotin. This second step antibody is labeled, as
for example with an enzyme that can be used to detect the
presence of the antibody/antigen complex by histoenzymol-
ogy using a chromogen substrate. With suitable amplifica-
tion, a conjugate can be produced which is macroscopically
visible.

Another known method of immunodetection takes advan-
tage of the immuno-PCR (Polymerase Chain Reaction)
methodology. The PCR method is similar to the Cantor
method up to the incubation with biotinylated DNA, how-
ever, instead of using multiple rounds of streptavidin and
biotinylated DNA incubation, the DNA/biotin/streptavidin/
antibody complex is washed out with a low pH or high salt
buffer that releases the antibody. The resulting wash solution
is then used to carry out a PCR reaction with suitable
primers with appropriate controls. At least in theory, the
enormous amplification capability and specificity of PCR
can be utilized to detect a single antigen molecule.

1. ELISAs

Immunoassays, in their most simple and direct sense, are
binding assays. Certain preferred immunoassays are the
various types of enzyme linked immunosorbent assays (ELI-
SAs) and radioimmunoassays (RIA) known in the art.
Immunohistochemical detection using tissue sections is also
particularly useful. However, it will be readily appreciated
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that detection is not limited to such techniques, and western
blotting, dot blotting, FACS analyses, and the like may also
be used.

In one exemplary ELISA, the antibodies of the disclosure
are immobilized onto a selected surface exhibiting protein
affinity, such as a well in a polystyrene microtiter plate.
Then, a test composition suspected of containing the Mar-
burg virus or Marburg virus antigen is added to the wells.
After binding and washing to remove non-specifically bound
immune complexes, the bound antigen may be detected.
Detection may be achieved by the addition of another
anti-Marburg virus antibody that is linked to a detectable
label. This type of ELISA is a simple “sandwich ELISA.”
Detection may also be achieved by the addition of a second
anti-Marburg virus antibody, followed by the addition of a
third antibody that has binding affinity for the second
antibody, with the third antibody being linked to a detectable
label.

In another exemplary ELISA, the samples suspected of
containing the Marburg virus or Marburg virus antigen are
immobilized onto the well surface and then contacted with
the anti-Marburg virus antibodies of the disclosure. After
binding and washing to remove non-specifically bound
immune complexes, the bound anti-Marburg virus antibod-
ies are detected. Where the initial anti-Marburg virus anti-
bodies are linked to a detectable label, the immune com-
plexes may be detected directly. Again, the immune
complexes may be detected using a second antibody that has
binding affinity for the first anti-Marburg virus antibody,
with the second antibody being linked to a detectable label.

Irrespective of the format employed, ELISAs have certain
features in common, such as coating, incubating and bind-
ing, washing to remove non-specifically bound species, and
detecting the bound immune complexes. These are
described below.

In coating a plate with either antigen or antibody, one will
generally incubate the wells of the plate with a solution of
the antigen or antibody, either overnight or for a specified
period of hours. The wells of the plate will then be washed
to remove incompletely adsorbed material. Any remaining
available surfaces of the wells are then “coated” with a
nonspecific protein that is antigenically neutral with regard
to the test antisera. These include bovine serum albumin
(BSA), casein or solutions of milk powder. The coating
allows for blocking of nonspecific adsorption sites on the
immobilizing surface and thus reduces the background
caused by nonspecific binding of antisera onto the surface.

In ELISAs, it is probably more customary to use a
secondary or tertiary detection means rather than a direct
procedure. Thus, after binding of a protein or antibody to the
well, coating with a non-reactive material to reduce back-
ground, and washing to remove unbound material, the
immobilizing surface is contacted with the biological sample
to be tested under conditions effective to allow immune
complex (antigen/antibody) formation. Detection of the
immune complex then requires a labeled secondary binding
ligand or antibody, and a secondary binding ligand or
antibody in conjunction with a labeled tertiary antibody or a
third binding ligand.

“Under conditions effective to allow immune complex
(antigen/antibody) formation” means that the conditions
preferably include diluting the antigens and/or antibodies
with solutions such as BSA, bovine gamma globulin (BGG)
or phosphate buffered saline (PBS)/Tween. These added
agents also tend to assist in the reduction of nonspecific
background.
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The “suitable” conditions also mean that the incubation is
at a temperature or for a period of time sufficient to allow
effective binding. Incubation steps are typically from about
1 to 2 to 4 hours or so, at temperatures preferably on the
order of 25° C. to 27° C., or may be overnight at about 4°
C. or so.

Following all incubation steps in an ELISA, the contacted
surface is washed so as to remove non-complexed material.
A preferred washing procedure includes washing with a
solution such as PBS/Tween, or borate buffer. Following the
formation of specific immune complexes between the test
sample and the originally bound material, and subsequent
washing, the occurrence of even minute amounts of immune
complexes may be determined.

To provide a detecting means, the second or third anti-
body will have an associated label to allow detection.
Preferably, this will be an enzyme that will generate color
development upon incubating with an appropriate chro-
mogenic substrate. Thus, for example, one will desire to
contact or incubate the first and second immune complex
with a urease, glucose oxidase, alkaline phosphatase or
hydrogen peroxidase-conjugated antibody for a period of
time and under conditions that favor the development of
further immune complex formation (e.g., incubation for 2
hours at room temperature in a PBS-containing solution
such as PBS-Tween).

After incubation with the labeled antibody, and subse-
quent to washing to remove unbound material, the amount
of'label is quantified, e.g., by incubation with a chromogenic
substrate such as urea, or bromocresol purple, or 2,2'-azino-
di-(3-ethyl-benzthiazoline-6-sulfonic acid (ABTS), or
H,0O,, in the case of peroxidase as the enzyme label.
Quantification is then achieved by measuring the degree of
color generated, e.g., using a visible spectra spectrophotom-
eter.

In another embodiment, the present disclosure contem-
plates the use of competitive formats. This is particularly
useful in the detection of Marburg virus antibodies in
sample. In competition based assays, an unknown amount of
analyte or antibody is determined by its ability to displace a
known amount of labeled antibody or analyte. Thus, the
quantifiable loss of a signal is an indication of the amount of
unknown antibody or analyte in a sample.

Here, the inventors proposes the use of labeled Marburg
virus monoclonal antibodies to determine the amount of
Marburg virus antibodies in a sample. The basic format
would include contacting a known amount of Marburg virus
monoclonal antibody (linked to a detectable label) with
Marburg virus antigen or particle. The Marburg virus anti-
gen or organism is preferably attached to a support. After
binding of the labeled monoclonal antibody to the support,
the sample is added and incubated under conditions permit-
ting any unlabeled antibody in the sample to compete with,
and hence displace, the labeled monoclonal antibody. By
measuring either the lost label or the label remaining (and
subtracting that from the original amount of bound label),
one can determine how much non-labeled antibody is bound
to the support, and thus how much antibody was present in
the sample.

2. Western Blot

The Western blot (alternatively, protein immunoblot) is an
analytical technique used to detect specific proteins in a
given sample of tissue homogenate or extract. It uses gel
electrophoresis to separate native or denatured proteins by
the length of the polypeptide (denaturing conditions) or by
the 3-D structure of the protein (native/non-denaturing con-
ditions). The proteins are then transferred to a membrane
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(typically nitrocellulose or PVDF), where they are probed
(detected) using antibodies specific to the target protein.

Samples may be taken from whole tissue or from cell
culture. In most cases, solid tissues are first broken down
mechanically using a blender (for larger sample volumes),
using a homogenizer (smaller volumes), or by sonication.
Cells may also be broken open by one of the above mechani-
cal methods. However, it should be noted that bacteria, virus
or environmental samples can be the source of protein and
thus Western blotting is not restricted to cellular studies only.
Assorted detergents, salts, and buffers may be employed to
encourage lysis of cells and to solubilize proteins. Protease
and phosphatase inhibitors are often added to prevent the
digestion of the sample by its own enzymes. Tissue prepa-
ration is often done at cold temperatures to avoid protein
denaturing.

The proteins of the sample are separated using gel elec-
trophoresis. Separation of proteins may be by isoelectric
point (pl), molecular weight, electric charge, or a combina-
tion of these factors. The nature of the separation depends on
the treatment of the sample and the nature of the gel. This is
a very useful way to determine a protein. It is also possible
to use a two-dimensional (2-D) gel which spreads the
proteins from a single sample out in two dimensions. Pro-
teins are separated according to isoelectric point (pH at
which they have neutral net charge) in the first dimension,
and according to their molecular weight in the second
dimension.

In order to make the proteins accessible to antibody
detection, they are moved from within the gel onto a
membrane made of nitrocellulose or polyvinylidene difluo-
ride (PVDF). The membrane is placed on top of the gel, and
a stack of filter papers placed on top of that. The entire stack
is placed in a buffer solution which moves up the paper by
capillary action, bringing the proteins with it. Another
method for transferring the proteins is called electroblotting
and uses an electric current to pull proteins from the gel into
the PVDF or nitrocellulose membrane. The proteins move
from within the gel onto the membrane while maintaining
the organization they had within the gel. As a result of this
blotting process, the proteins are exposed on a thin surface
layer for detection (see below). Both varieties of membrane
are chosen for their non-specific protein binding properties
(i.e., binds all proteins equally well). Protein binding is
based upon hydrophobic interactions, as well as charged
interactions between the membrane and protein. Nitrocellu-
lose membranes are cheaper than PVDEF, but are far more
fragile and do not stand up well to repeated probings. The
uniformity and overall effectiveness of transfer of protein
from the gel to the membrane can be checked by staining the
membrane with Coomassie Brilliant Blue or Ponceau S
dyes. Once transferred, proteins are detected using labeled
primary antibodies, or unlabeled primary antibodies fol-
lowed by indirect detection using labeled protein A or
secondary labeled antibodies binding to the Fc region of the
primary antibodies.

3. Immunohistochemistry

The antibodies of the present disclosure may also be used
in conjunction with both fresh-frozen and/or formalin-fixed,
paraffin-embedded tissue blocks prepared for study by
immunohistochemistry (IHC). The method of preparing
tissue blocks from these particulate specimens has been
successfully used in previous IHC studies of various prog-
nostic factors, and is well known to those of skill in the art
(Brown et al., 1990; Abbondanzo et al., 1990; Allred et al.,
1990).
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Briefly, frozen-sections may be prepared by rehydrating
50 ng of frozen “pulverized” tissue at room temperature in
phosphate buffered saline (PBS) in small plastic capsules;
pelleting the particles by centrifugation; resuspending them
in a viscous embedding medium (OCT); inverting the cap-
sule and/or pelleting again by centrifugation; snap-freezing
in =70° C. isopentane; cutting the plastic capsule and/or
removing the frozen cylinder of tissue; securing the tissue
cylinder on a cryostat microtome chuck; and/or cutting
25-50 serial sections from the capsule. Alternatively, whole
frozen tissue samples may be used for serial section cuttings.

Permanent-sections may be prepared by a similar method
involving rehydration of the 50 mg sample in a plastic
microfuge tube; pelleting; resuspending in 10% formalin for
4 hours fixation; washing/pelleting; resuspending in warm
2.5% agar; pelleting; cooling in ice water to harden the agar;
removing the tissue/agar block from the tube; infiltrating
and/or embedding the block in paraffin; and/or cutting up to
50 serial permanent sections. Again, whole tissue samples
may be substituted.

4. Immunodetection Kits

In still further embodiments, the present disclosure con-
cerns immunodetection kits for use with the immunodetec-
tion methods described above. As the antibodies may be
used to detect Marburg virus or Marburg virus antigens, the
antibodies may be included in the kit. The immunodetection
kits will thus comprise, in suitable container means, a first
antibody that binds to Marburg virus or Marburg virus
antigen, and optionally an immunodetection reagent.

In certain embodiments, the Marburg virus antibody may
be pre-bound to a solid support, such as a column matrix
and/or well of a microtitre plate. The immunodetection
reagents of the kit may take any one of a variety of forms,
including those detectable labels that are associated with or
linked to the given antibody. Detectable labels that are
associated with or attached to a secondary binding ligand are
also contemplated. Exemplary secondary ligands are those
secondary antibodies that have binding affinity for the first
antibody.

Further suitable immunodetection reagents for use in the
present kits include the two-component reagent that com-
prises a secondary antibody that has binding affinity for the
first antibody, along with a third antibody that has binding
affinity for the second antibody, the third antibody being
linked to a detectable label. As noted above, a number of
exemplary labels are known in the art and all such labels
may be employed in connection with the present disclosure.

The kits may further comprise a suitably aliquoted com-
position of the Marburg virus or Marburg virus antigens,
whether labeled or unlabeled, as may be used to prepare a
standard curve for a detection assay. The kits may contain
antibody-label conjugates either in fully conjugated form, in
the form of intermediates, or as separate moieties to be
conjugated by the user of the kit. The components of the kits
may be packaged either in aqueous media or in lyophilized
form.

The container means of the kits will generally include at
least one vial, test tube, flask, bottle, syringe or other
container means, into which the antibody may be placed, or
preferably, suitably aliquoted. The kits of the present dis-
closure will also typically include a means for containing the
antibody, antigen, and any other reagent containers in close
confinement for commercial sale. Such containers may
include injection or blow-molded plastic containers into
which the desired vials are retained.

V1. Examples

The following examples are included to demonstrate
preferred embodiments. It should be appreciated by those of
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skill in the art that the techniques disclosed in the examples
that follow represent techniques discovered by the inventors
to function well in the practice of embodiments, and thus can
be considered to constitute preferred modes for its practice.
However, those of skill in the art should, in light of the
present disclosure, appreciate that many changes can be
made in the specific embodiments which are disclosed and
still obtain a like or similar result without departing from the
spirit and scope of the disclosure.

Example 1—Materials and Methods

Donor.

The donor was an otherwise healthy adult woman who
contracted Marburg virus (MARV) infection in 2008 fol-
lowing exposure to fruit bats in the Python Cave in Queen
Elizabeth National Park, Uganda. The donor’s clinical
course was documented previously (CDC, 2009). Peripheral
blood from the donor was obtained in 2012, four years after
the illness, following informed consent. The study was
approved by the Vanderbilt University Institutional Review
Board.

Viruses.

MARYV strain 200702854 Uganda (MARV-Uganda) was
isolated originally from a subject designated “Patient A”
during the outbreak in Uganda in 2007 (CDC, 2009; Towner
et al.,, 2009) and underwent 4 passages in Vero E6 cells.
MARYV strain Musoke (MARV-Musoke) was isolated during
the outbreak in Kenya in 1980 (Smith et al., 1982) and
passaged 5 times in Vero E6 cells. MARYV strain 200501379
Angola (MARV-Angola) was isolated during the outbreak in
Angola in 2005 (Towner et al., 2006) and passaged 3 times
in Vero E6 cells. MARV Ravn virus (Ravn) was isolated
from a patient in 1987 in Kenya (Johnson et al., 1996) and
passaged 4 times in Vero E6 cells. All strains of MARV were
obtained originally from the Special Pathogens Branch, U.S.
Centers for Disease Control (CDC) and deposited at the
World Reference Center of Emerging Viruses and Arbovi-
ruses (WRCEVA) housed at UTMB. The recombinant Ebola
Zaire strain Mayinga (EBOV) expressing eGFP was gener-
ated in the inventors’ laboratory by reverse genetics (Lubaki
et al., 2013; Towner et al., 2005) from plasmids provided by
the Special Pathogens Branch at CDC and passaged 3 times
in Vero E6 cells. For analysis of antibody binding by ELISA,
viruses were gamma-irradiated with the dose of 5x10° rad.
The recombinant VSV in which the VSV GP protein was
replaced with that of MARV strain Musoke (VSV/GP-
Musoke) or EBOV strain Mayinga (Garbutt et al., 2004)
were provided by Dr. Thomas Geisbert (UTMB) and Dr.
Heinz Feldmann (NIH), respectively; a similar virus with
GP from MARV (strain 200702854 Uganda) was con-
structed as described below. All work with EBOV and
MARYV was performed within the Galveston National Labo-
ratory BSL-4 laboratories.

The inventors used a mouse-adapted strain of MARV for
testing the effect of mAbs in vivo. The mouse-adapted Ci67
strain of Marburg virus (Warfield et al., 2007) was provided
by Dr. Sina Bavari (U.S. Army Medical Research Institute of
Infectious Diseases, Fort Detrick, Md.) and amplified by a
single passage in Vero-E6 cells.

Generation of a Chimeric Strain of VSV in which VSV G
Protein was Replaced with the GP Protein of MARYV Strain
Uganda (VSV/GP-Uganda).

The plasmid pVSV-XN2 carrying cDNA of the full-length
VSV anti-genome sequence and the support plasmids pBS-
N, pBS-L and pBS-P encoding the internal VSV proteins
under control of the T7 promoter were kindly provided by
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Dr. John Rose (Yale University). The plasmid pC-T7, encod-
ing the T7 polymerase, was kindly provided by Dr. Yoshi-
hiro Kawaoka (University of Wisconsin). For generation of
the VSV/GP-Uganda construct, Vero E6 cell monolayers
were inoculated with MARV strain 200702854 and total
cellular RNA was isolated and reverse-transcribed. MARV
GP ORF was PCR-amplified from ¢cDNA using forward
primer 5'-CATGTACGACGCGTCAACATGAGGACTA-3'
(SEQ ID NO: 1) and reverse primer 5'-TCTAGCAG
CTCGAGCTATCCAATATATTTAGTAAAGATACGA-
CAA-3' (SEQ ID NO: 2; underlined are Mlul and Xhol
endonuclease sites, respectively; italicized are the start and
the end of MARV GP ORF—direct and complementary
sequences, respectively). To replace VSV G with MARV
GP, the resulting PCR-product was cloned into pVSV-XN2
using the unique Mlul and Xhol endonuclease sites located
between the VSV G gene-start and gene-end signals and
flanking its ORF, resulting in the plasmid pVSV/GP-
Uganda. To recover the recombinant virus, 1x10° BSR-T7
cells, kindly provided by Dr. Ursula Buchholz (U.S.
National Institute of Allergy and Infectious Diseases), were
transfected with the following plasmids: pVSV/GP-Uganda,
5 pg; pBS-N, 1.5 pg; pBS-P, 2.5 pg; pBS-L, 1 pg; pC-T7, 5
ng. After 48 hours, transfected BSR-T7 cells were collected
with a cell scraper and transferred, along with the super-
nates, to Vero E6 cell monolayers for amplification of the
recovered VSV/GP-Uganda.

Generation of Human Hybridomas Secreting Monoclonal
Antibodies (mAbs).

Peripheral blood mononuclear cells (PBMCs) from the
donor were isolated with Ficoll-Histopaque by density gra-
dient centrifugation. The cells were cryopreserved immedi-
ately and stored in the vapor phase of liquid nitrogen until
use. Previously cryopreserved samples were thawed, and 10
million PBMCs were plated into 384-well plates (Nunc
#164688) using: 17 mL of cell culture medium (ClonaCell-
HY Medium A, Stemcell Technologies #03801), 8 ng/mL of
the TLR agonist CpG (phosphorothioate-modified oligode-
oxynucleotide ZOEZOEZZ7770EEZOEZZZT (SEQ ID
NO: 3), Invitrogen), 3 pg/ml. Chk2 inhibitor (Sigma
#C3742), 1 ug/ml. cyclosporine A (Sigma #C1832) and 4.5
ml of clarified supernate from cultures of B95.8 cells
(ATCC VR-1492) containing Epstein-Barr virus (EBV).
After 7 days, cells from each 384-well culture plate were
expanded into four 96-well culture plates (Falcon #353072)
using cell culture medium containing 8 pg/ml. CpG, 3
pg/ml. Chk2i and 10 million irradiated heterologous human
PBMCs (Nashville Red Cross) and incubated for an addi-
tional four days. Plates were screened for MARV antigen-
specific antibody-secreting cell lines using enzyme-linked
immunosorbent assays (ELISAs). Cells from wells with
supernates reacting in a MARV antigen ELISA were fused
with HMMAZ2.5 myeloma cells using an established elec-
trofusion technique (Yu et al., 2008). After fusion, hybrido-
mas were resuspended in medium containing 100 uM hypo-
xanthine, 0.4 uM aminopterin, 16 uM thymidine (HAT
Media Supplement, Sigma #H0262) and 7 pg/ml. ouabain
(Sigma #03125) and incubated for 18 days before screening
hybridomas for antibody production by ELISA.

Human mAb and Fab Production and Purification.

After fusion with HMMA2.5 myeloma cells, hybridomas
producing MARV-specific antibodies were cloned biologi-
cally by two rounds of limiting dilution and by single-cell
fluorescence-activated cell sorting. After cloning, hybrido-
mas were expanded in post-fusion medium (ClonaCell-HY
Medium E, STEMCELL Technologies #03805) until 50%
confluent in 75-cm? flasks (Corning #430641). For antibody
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production, cells from one 75-cm? flask were collected with
a cell scraper and expanded to four 225-cm? flasks (Corning
#431082) in serum-free medium (Hybridoma-SFM, Gibco
#12045-076). After 21 days, supernates were clarified by
centrifugation and sterile filtered using 0.2-um pore size
filter devices. HiTrap Protein G or HiTrap MabSelectSure
columns (GE Healthcare Life Sciences #17040501 and
#11003494 respectively) were used to purify antibodies
from filtered supernates. Fab fragments were generated by
papain digestion (Pierce Fab Preparation Kit, Thermo Sci-
entific #44985) and purified by chromatography using a
two-column system where the first column contained protein
G resin (GE Healthcare Life Sciences #29048581) and the
second column contained either anti-kappa or anti-lambda
antibody light chain resins (GE Healthcare Life Sciences
#17545811 and #17548211 respectively).

Expression and Purification of MARV and EBOV GPs.

Angola strain MARV GP ectodomains, containing the
mucin-like domain (MARV GP) or lacking residues 257-425
of the mucin-like domain (MARV GPAmuc), were used to
screen supernates of transformed B cells and human
hybridomas separately. Recombinant proteins for Ravn
strain cleaved GP, EBOV Mayinga strain GP, EBOV May-
inga strain GPAmuc and EBOV Mayinga strain cleaved GP
were designed and expressed similarly. Large-scale produc-
tion of recombinant GP or GPAmuc was performed by
transfection of Drosophila Schneider 2 (S2) cells with
modified pMTpuro vectors, followed by stable selection of
transfected cells with 6 pg/ml. puromycin. Secreted GP
ectodomain expression was induced with 0.5 mM CuSO, for
4 days. Proteins were engineered with a modified double
strep tag at the C terminus (enterokinase cleavage site
followed by a strep tag/linker/strep tag) to facilitate purifi-
cation using Strep-Tactin resin (Qiagen #2-1201). Proteins
were purified further by Superdex 200 size exclusion chro-
matography in 10 mM Tris, 150 mM NaCl, pH 7.5 (1xTBS).

Lysates of MARV-Infected Cells.

Lysates were prepared as previously described (Ksiazek et
al., 1999). Briefly, Vero E6 cell monolayers in 850 cm? roller
bottles were inoculated with approximately 10° PFU MARV
or EBOV and incubated at 37° C. until partial destruction of
monolayer occurred (approximately 9-10 days). Cell mono-
layers were detached using 3 mm glass beads, and cell
suspensions were centrifuged at 16,000xg for 10 min at 4°
C. Supernates were discarded, cell pellets were resuspended
in 10x excess of borate buffer saline (10 mM Na,B,0,, 150
mM NaCl, pH 9.0), and centrifuged at 16,000xg for 10 min
at 4° C. Supernates were discarded, cell pellets were resus-
pended in cold 1% Triton X-100 (Fisher Scientific) in borate
buffer saline, vortexed and gamma-irradiated on dry ice at
5x10° rad. The lysates were sonicated with a 600 W Tekmar
Sonic Disruptor TM600 (Tekmar) using a cuphorn sonicator
at maximum power setting and 50% duty cycle for 10 min,
centrifuged at 16,000xg and the supernates aliquoted.

Screening ELISA.

ELISA plates were coated with lysates of MARYV infected
cells (diluted 1:1,000 in Dulbecco phosphate buffered saline,
DPBS) or recombinant MARV GP or MARV GPAmuc
proteins (20 pg in 10 mL. DPBS per plate) and incubated at
4° C. overnight. Plates were blocked with 100 pL. of block-
ing solution/well for 1 h. Blocking solution consisted of 10
g powdered milk, 10 mL of goat serum, 100 ml of
10xDPBS, and 0.5 mL of Tween-20 mixed to a 1 L final
volume with distilled water. The presence of antibodies
bound to the GP was determined using goat anti-human IgG
horseradish peroxidase conjugated secondary antibodies
(Southern Biotech #2040-05, 1:4,000 dilution) and 1-Step
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Ultra TMB-ELISA substrate (Thermo Scientific #34029),
with optical density read at 450 nM after stopping the
reaction with 1M HClL.

Half Maximal Effective Concentration (EC,,) Binding
Analysis.

MARYV or EBOV GPs, MARV or EBOV GPAmuc, or
Ravn or EBOV cathepsin-cleaved GPs were coated onto
384-well plates (Thermo Scientific Nunc #265203) in DPBS
at 2 pg/ml overnight, then antigen was removed and plates
were blocked with blocking solution made as above. Anti-
bodies were applied to the plates at a concentration range of
1.5 pg/mL to 270 ng/ml. (Binding Groups #1, #2 and 3A)
and 0.1 pg/mL to 10 ng/ml. (Binding Group #3B) using
three-fold serial dilutions. The presence of antibodies bound
to the GP was determined using goat anti-human IgG
alkaline phosphatase conjugate (Meridian Life Science
#WO99008A, 1:4,000 dilution) and p-nitrophenol phosphate
substrate tablets (Sigma #S0942), with optical density read
at 405 nM after 120 minutes. A non-linear regression analy-
sis was performed on the resulting curves using Prism
version 5 (GraphPad) to calculate EC,, values.

MARYV and EBOV Neutralization Experiments.

Dilutions of mAbs in triplicate were mixed with 150 PFU
of MARV or EBOV expressing eGFP in MEM containing
10% FBS (HyClone), 50 pg/ml. gentamicin (Cellgro #30-
005-CR) with or without 5% guinea pig complement (MP
Biomedicals #642836) in a total volume of 0.1 ml, and
incubated for 1 hour at 37° C. for virus neutralization.
Following neutralization, virus-antibody mixtures were
placed on monolayers of Vero E6 cells in 24-well plates,
incubated for 1 hour at 37° C. for virus adsorption, and
overlayed with MEM containing 2% FBS and 0.8% meth-
ylcellulose (Sigma-Aldrich #M0512-1K@G). After incubation
for 5 days, medium was removed, cells were fixed with 10%
formalin (Fisher Scientific #245-684), plates were sealed in
plastic bags and incubated for 24 hours at room temperature.
Sealed plates were taken out of the BSL-4 laboratory
according to approved SOPs, and monolayers were washed
three times with phosphate buffered saline. Viral plaques
were immunostained with the serum of rabbits that had been
hyperimmunized with MARYV, or with a mAb against EBOV,
clone 15H10 (BEI Resources #NR-12184). Alternatively,
following virus adsorption, monolayers were covered with
MEM containing 10% FBS and 1.6% tragacanth (Sigma-
Aldrich #G1128). After incubation for 14 days, medium was
removed, cells were fixed with 10% formalin, plates were
sealed in plastic bags, incubated for 24 hours at room
temperature, and taken out of the BSL-4 laboratory as
above. Fixed monolayers were stained with 10% formalin
containing 0.25% crystal violet (Fisher Scientific #C581-
100), and plaques were counted.

VSV-MARYV and VSV-EBOV Neutralization Tests.

Neutralization assays were performed in triplicate, as
described above for MARV and EBOV. Following neutral-
ization, virus-antibody mixtures were placed on monolayers
of Vero E6 cells in duplicate, incubated for 1 hour at 37° C.
for virus adsorption, and overlayed with MEM containing
2% FBS containing 0.9% methylcellulose. After incubation
for 3 days, medium was removed, monolayers were fixed
and stained with 10% formalin containing 0.25% crystal
violet, and plaques were counted.

Generation and Sequencing of VSV/GP-Uganda Escape
Mutants.

Vero E6 cell monolayers with two-fold dilutions of mAbs
(12.5-200 pg/ml.) added to the medium were inoculated
with 200 PFU of recombinant VSV/GP-Uganda and incu-
bated at 37° C. for 2-4 days. To determine which samples
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contained live virus, supernates were collected, virus was
titrated in Vero E6 cell monolayers under methylcellulose
overlay, monolayers were incubated at 37° C. for 3-4 days,
and plaques were counted. Supernates with the highest
concentrations of mAbs, which were found to contain live
virus by plaque titration, were incubated in presence of
serially diluted mAbs followed by titration of virus as above.
The procedure was performed a total of three times. Escape
mutant viruses harvested after the third passage were cloned
biologically by plaque purification. For biological cloning,
Vero E6 cell monolayers in 24-well plates were inoculated
with dilutions of the escape mutant viruses in the presence
of the corresponding mAbs (200 pg/ml. of MR72 or 100
png/ml. of MR78) and covered with 0.7% low melting
temperature SeaPlaque agarose (Lonza #50100). Monolay-
ers were incubated at 37° C. for 6 days, plaques were
visualized with 0.01% neutral red aqueous solution (Elec-
tron Microscopy Sciences), picked, resuspended in medium
and transferred to Vero E6 cell monolayers in 24-well plates
in presence of the corresponding mAbs (200 pug/ml. of
MR72 or 100 pg/mlL. of MR78) for virus propagation. In 2-5
days, based on the extent of CPE observed, virus was
harvested, and cells were dissolved in Trizol reagent (Life
Technologies 315596018). Total cellular RNA was extracted
and reverse-transcribed and amplified by PCR with the
primers described above for generation of a chimeric strain
of VSV. Two overlapping fragments covering MARV GP
ORF were PCR-amplified from cDNA using forward primer
5'-CATGTACGACGCGTCAACATGAGGACTA-3' (SEQ
ID NO: 4) and reverse primer 5-ACT-
AAGCCCTGCTGCCAGGT-3' (SEQ ID NO: 5) or forward
primer 5-ACAACAATGTACCGAGGCAA-3' (SEQ ID
NO: 6) and reverse primer 5'-TCTAGCAGCTCGAGC-
TATCCAATATATTTAGTAAAGATACGACAA-3'  (SEQ
ID NO: 7), and the nucleotide sequences of the GP ORFs
were determined using standard procedures.

Analysis of Growth Kinetics of VSV/GP-Uganda Escape
Mutant Viruses.

Vero E6 cell monolayers in 24-well plates were inoculated
in triplicate with VSV/GP-Uganda escape mutants or non-
mutated virus at an MOI of 0.00025 PFU/cell in the presence
of varying concentrations of the corresponding mAbs. Ali-
quots of medium were collected every 12 hours and frozen
for titration at a later time. Titration of virus in aliquots was
performed as above, without adding antibodies to the culture
medium.

Biolayer Interferometry Competition Binding Assay.

Biotinylated GP or GPAmuc (EZ-link® Micro NHS-
PEG4-Biotinylation Kit, Thermo Scientific #21955) (1
ng/ml.) was immobilized onto streptavidin-coated biosensor
tips (ForteBio #18-5019) for 2 minutes. After measuring the
baseline signal in kinetics buffer (KB: 1xPBS, 0.01% BSA
and 0.002% Tween 20) for two minutes, biosensor tips were
immersed into the wells containing primary antibody at a
concentration of 100 pg/mlL. for 10 minutes. Biosensors then
were immersed into wells containing competing mAbs at a
concentration of 100 pg/ml for 5 minutes. The percent
binding of the competing mAb in the presence of the first
mAb was determined by comparing the maximal signal of
competing mAb applied after the first mAb complex to the
maximal signal of competing mAb alone. MAbs were
judged to compete for binding to the same site if maximum
binding of the competing mAb was reduced to <30% of its
un-competed binding. MAbs were considered non-compet-
ing if maximum binding of the competing mAb was >70%
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of its un-competed binding. A level of 30-70% of its
un-competed binding was considered intermediate compe-
tition.

Sequence Analysis of Antibody Variable Region Genes.

Total cellular RNA was extracted from clonal hybridomas
that produced MARYV antibodies, and RT-PCR reaction was
performed using mixtures of primers designed to amplify all
heavy chain or light chain antibody variable regions. The
generated PCR products were purified and cloned into the
plet 1.2 plasmid vector (Thermo Scientific, #K1231) for
sequence analysis. The nucleotide sequences of plasmid
DNAs were determined using an ABI3700 automated DNA
sequencer. Heavy chain or light chain antibody variable
region sequences were analyzed using the IMGT/V-Quest
program (Brochet et al., 2008; Giudicelli et al., 2011). The
analysis involved the identification of germline genes that
were used for antibody production, location of complemen-
tary determining regions (CDRs) and framework regions
(FRs) as well as the number and location of somatic muta-
tions that occurred during affinity maturation.

Statistical Analysis.

EC,, values for neutralization were determined by finding
the concentration of mAb at which a 50% reduction in
plaque counts occurred after incubation of virus with neu-
tralizing antibody. A logistic curve was fit to the data using
the count as the outcome and the log-concentration as the
predictor variable. The results of the model then were
transformed back to the concentration scale. Results are
presented as the concentration at the dilution that achieve a
50% reduction from challenge control with accompanying
95% confidence intervals. Each antibody was treated as a
distinct analysis in a Bayesian non-linear regression model.

Sample Preparation for EM Studies.

A Ravn strain MARV GP mucin-deleted construct
(GPAmuc) was produced by stable cell line expression in
Drosophila S2 cells, as described above. Human Fab pro-
teins for MARV-specific antibodies were generated as
described above. Fabs were added in molar excess to
GPAmuc and allowed to incubate overnight at 4° C. Com-
plexes then were purified by Superdex 200 size exclusion
chromatography in TBS.

Electron Microscopy and Sample Preparation.

A 4 ul aliquot of each complex that had been diluted to
a concentration of ~0.03 pg/ml. with TBS buffer was placed
for 15 seconds onto carbon-coated 400 Cu mesh grids that
had been plasma cleaned for 20 s (Gatan), blotted off on the
edge of the grid, then immediately stained for 30 s with 4 pl.
of 2% uranyl formate. The stain was blotted off on the edge
of the grid and the grid was allowed to dry. Data were
automatically collected with Leginon (Carragher et al.,
2000; Potter et al., 1999; Suloway et al., 2005) using a FEI
Tecnai F20 electron microscope operating at 120 keV with
an electron dose of 30 e”/A? and a magnification of 52,000x
that resulted in a pixel size of 2.65 A at the specimen plane
when collected with Tietz CMOS 4 kx4 k CCD camera.
Particle orientations appeared to be generally isotropic and
images were acquired at a constant defocus value of -1.0 pm
at 0° stage tilt.

Image Processing of Protein Complexes.

Particles were picked automatically using DoG Picker
(34) and placed into a particle stack using the Appion
software (Lander et al., 2009). Reference-free 2D class
averages were generated with the Xmipp clustering 2D
alignment software (van Heel et al., 1996) and sorted into an
initial 300 classes. Non-GP particles were removed and the
stack was further sub-classified into classes with ~100
particles per class in order to generate the final particle stack
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used for the reconstruction. Various numbers of class aver-
ages were chosen to create initial models using EMAN2
common lines software (Tang et al., 2007). A model that best
matched its projected classes was then used for refinement
against the raw particle stack, imposing C3 symmetry, and
the reconstruction was generated with 10 rounds of refine-
ment and increasingly smaller angular sampling rates with
EMAN?2 (Tang et al., 2007). All model fitting and manipu-
lation was completed using UCSF Chimera (Pettersen et al.,
2004).

In Vivo Testing.

The animal protocol for testing of mAbs in mice was
approved by the Institutional Animal Care and Use Com-
mittee of the University of Texas Medical Branch at Galves-
ton. Seven-week-old BALB/c mice (Harlan) were placed in
the ABSL-4 facility of the Galveston National Laboratory.
Groups of mice at 5 animals per group were injected with
individual mAbs by the intraperitoneal route twice: one h
prior and 24 h after MARV challenge, using 100 pg per
treatment. Untreated animals served as controls. For the
challenge, mice were injected with 1,000 PFU of the mouse-
adapted MARV strain Ci67 by the intraperitoneal route.
Animals were weighed and monitored daily over the three-
week period after challenge. Once animals were symptom-
atic, they were examined twice per day. The disease was
scored using the following parameters: dyspnea (possible
scores 0-5), recumbency (0-9), unresponsiveness (0-5), and
bleeding/hemorrhage (0-5); the individual scores for each
animal were summarized.

In Vivo Mouse Studies.

The in vivo protective activity of the mAbs was tested in
a murine model using mouse-adapted MARV strain Ci67
(Warfield et al.,, 2007; 2009). Inoculation of mice with
MARYV Ci67 causes clinical symptoms and lethal disease,
although typically with less than 100% lethality (Warren et
al., 2014). Seven-week-old BALB/c mice were challenged
with 1,000 plaque-forming unit (PFU) of Ci67 by the IP
route. Twenty-four hours later, mice were injected with 100
ng of an antibody by the IP route. The typical symptoms of
the disease included progressive loss of weight, dyspnea,
recumbency and unresponsiveness, followed by death of
euthanasia of moribund animals.

Independent Variable Scores were as follows:

Body Weight:

0—Normal

1—<10% weight loss

2—10-15% weight loss, eating

3—>20% weight loss, not eating

Appearance:

0—Normal

1—Lack of grooming

2—Coat rough, possible nasal and or ocular discharge

3—Coat very rough, abnormal posture, pupils enlarged

Clinical Signs:

0—Normal

1—Small change of potential significance

2—Temperature rise 1-2, 30% rise in respiratory/heart

rates

3—Temperature change >2, 25% rise in respiratory/heart

rates (or markedly reduced/shallow)

Unprovoked Behavior:

0—Normal

1—Minor changes

2—Abnormal behavior, less mobile, less alert, inactive

when activity expected

3—Unsolicited vocalization, extreme self-mutilation
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Behavior Response to External Stimuli:

0—Normal

1—Minor exaggerated response

2—Moderate abnormal response

3—Violent response
Total score is the sum of the above. The overall score will
be tabulated and used to help interpret our assessment of
each animal. A total score of 3 or less will be considered
normal; 4-7 will indicate some evidence of pain or discom-
fort. Any animal reaching a score of 7 or greater will be
strongly considered for early euthanasia.

Example 2—Results

Isolation of Monoclonal Antibodies (mAbs).

The inventors tested plasma of a MARV survivor previ-
ously infected in Uganda for the 50% neutralization activity
against the Uganda strain of MARV and found a serum
neutralizing titer of 1:1,010. To generate human hybridoma
cell lines secreting mAbs to MARYV, the inventors screened
supernatants from EBV-transformed B cell lines derived
from the survivor for binding to several recombinant forms
of MARV GP or to irradiated cell lysates prepared from
MARV-infected cell cultures. They fused transformed cells
from B cell lines producing MARV-reactive Abs to the
MARV antigens with myeloma cells and generated 51
cloned hybridomas secreting MARV-specific human mAbs.
Thirty-nine of these mAbs were specific to the MARV GP,
while 12 bound to infected-cell lysate but not to GP; these
latter mAbs were shown in secondary screens to bind to
MARYV internal proteins (NP, VP35 or VP40; data not
shown). Analysis of the Ab heavy- and light-chain variable
domain sequences revealed that all MARV-specific mAbs
were encoded by unique Ab genes.

Neutralization Activity.

To evaluate the inhibitory activity of the mAbs, the
inventors first performed in vitro neutralization studies using
a chimeric vesicular stomatitis virus with MARV GP from
Uganda strain on its surface (VSV/GP-Uganda). Eighteen of
the 39 MARV GP-specific mAbs exhibited neutralization
activity against VSV/GP-Uganda (FIGS. 1A and 1C; FIGS.
7 and 9A-B). Of those 18 nAbs, 9 displayed strong (IC5,<10
ng/mL), 8 nAbs displayed moderate (IC5,: 10-99 pug/ml))
and one displayed weak (IC5,: 100-1,000 pg/ml) neutral-
izing activity against VSV/GP-Uganda. The inventors also
tested the neutralization potency of all nAbs that bound to
MARYV GP in a plaque reduction assay using live MARV-
Uganda virus. Of 18 Abs that neutralized VSV/GP-Uganda,
10 Abs exhibited neutralizing activity against MARV-
Uganda (FIGS. 1A and 1C; FIGS. 8 and 9A-B). These data
suggest that VSV/GP, often used to study neutralizing
potency of Abs because of its BSL-2 containment level, is
more susceptible to Ab-mediated neutralization than live
MARV. This difference is likely explained by the signifi-
cantly lower copy number of MARV GP molecules that
incorporate into VSV particles compared with the large
number of GP molecules on the surface of filovirus filaments
(Beniac et al., 2012; Thomas et al., 1985). Comparison of
MARYV neutralizing and non-neutralizing antibodies at con-
centration up to 1.6 mg/ml. revealed dose-dependent activity
of'those mAbs that neutralized. The neutralization activity of
nAbs was not enhanced by the presence of complement
(data not shown). As expected, the inventors did not detect
neutralizing activity for any of the 12 Abs specific to MARV
NP, VP35 or VP40 proteins.
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Recognition of Varying Forms of GP.

To characterize the binding of isolated Abs to recombi-
nant MARV GPs, the inventors performed binding assays
using either a recombinant MARV GP ectodomain contain-
ing the mucin-like domain (MARV GP) or a recombinant
GP lacking residues 257-425 of the mucin-like domain
(MARYV GPAmuc). Based on OD 5 values at the highest Ab
concentration tested (E,,,.) and 50% effective concentration
(ECs,), the inventors divided the MARV-GP-specific Abs
into four major groups, based on binding phenotype (des-
ignated Binding Groups 1, 2, 3A and 3B; FIG. 1B and FIG.
10). Binding Group 1 mAbshad anE,,,, to GP<2 (i.e., these
mAbs never exhibited a maximal binding level to MARV
GP); Binding Group 2 mAbs had an E,,, to GP>2, with
EC,, for GP<EC,, for GPAmuc (i.e., these mAbs bound to
the mucin-like domain or glycan cap); Binding Group 3 had
anE,  to GP>2, with EC,, for GP z EC,, for GPAmuc (i.e.,
these mAbs bound equally well to full-length and mucin-
deleted forms of GP), with the Group 3A mAbs having an
EC,, for GP<0.5 ng/ml. and the Group 3B mAbs having an
EC,, for GP>0.5 png/ml (suggesting that, as a class, the
Group 3B mAbs possess a lower steady state K, of binding
to GP than Group 3A mAbs).

Abs that lacked neutralization activity against VSV/GP-
Uganda or MARV-Uganda fell principally into Binding
Groups 1, 2, 3A. Interestingly, all VSV/GP-Uganda nAbs
displayed a unique binding pattern and segregated into
Binding Group 3B (FIG. 1C). It was interesting that while
both mAbs from Groups 3A and 3B bound equally well to
the full-length MARV GP and to the GPAmuc, EC,, values
for nAbs from Binding Group 3B were higher than those for
non-neutralizing Abs from Group 3A.

Competition-Binding Studies.

To determine whether mAbs from distinct binding groups
targeted different antigenic regions on the MARV GP sur-
face, the inventors performed a competition-binding assay
using a real-time biosensor. They tested 18 MARV nAbs
from Binding Group 3B, four Abs from Binding Group 3A
and one Ab from Binding Group 2 in a tandem blocking
assay in which biotinylated GPAmuc was attached to a
streptavidin biosensor. Abs from Group 1 and the two
non-neutralizing Abs from Binding Group 3B did not bind
to biotinylated GPAmuc in the competition assay and were
excluded from the analysis. While non-neutralizing Abs
from Binding Groups 2 and 3A did not prevent binding of
the Binding Group 3B nAbs to GPAmuc, all nAbs blocked
binding of each of the other nAbs to the antigen and
segregated into a single competition-binding group (FIG.
1D). These data suggested that all of the nAbs target a single
major antigenic region on the MARV GP surface.

Electron Microscopy Studies of Antigen-Antibody Com-
plexes.

To determine the location of the antigenic region targeted
by MARV nAbs, the inventors performed negative stain
single-particle electron microscopy (EM) studies using com-
plexes of GPAmuc with Fab fragments of seven nAbs from
Binding Group 3B. The EM reconstructions clearly showed
that Fab fragments for all seven nAbs bind at the top of the
GP in or near the NPC1 protein receptor-binding site (FIGS.
2A-B). The binding pattern of these Abs could be divided
further into two major groups based on their relative angle
of approach to the GP head domain. MAbs MR72, MR78,
MR201 and MR82 bound toward the top and side of GP1 at
a shallow angle relative to the central three-fold axis, while
mAbs MR191, MR111 and MR198 bound at a steeper angle
toward the top of GP1 (FIGS. 2C-D). When the inventors
compared IC, values for nAbs that bound in the two
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binding poses, they did not detect a significant difference in
neutralization potency based on the angle of approach (FIG.
10).

Antibody Neutralization Escape Mutant Viruses.

As an additional strategy to determine residues on MARV
GP involved in binding to nAbs, the inventors generated
VSV/GP-Uganda variant viruses that escaped neutraliza-
tion, and then they determined the sequence of the GP of
those mAb escape viruses. Vero E6 cells were inoculated
with VSV/GP-Uganda in the presence of MR72 or MR78
nAbs. Two escape mutant viruses were isolated: virus vari-
ant VSV/GP-72.5 contained three missense mutations in the
MARV GP gene (N129S in the putative NPC1 receptor-
binding site, S220P in the glycan cap and P455L in the
mucin-like domain) and virus variant VSV/GP-78.1 pos-
sessed missense mutation C226Y in the glycan cap (FIG.
3A). Consistent with the EM data, six out of seven nAbs
tested displayed a higher level of neutralization activity
against the wild-type VSV/GP-Uganda than to the VSV/GP-
72.5 or VSV/GP-78.1 escape mutant viruses, suggesting
these nAbs recognize MARV GP in a similar fashion (FIG.
3B). MAb MR198 exhibited equal neutralization potency
against wild-type VSV/GP-Uganda or the two escape
mutant viruses (FIG. 3B). As all nAbs segregated into one
competition group (FIG. 1D), bound the MARV GP at the
NPCI1 receptor-binding site (FIGS. 2A-D) and displayed a
similar profile of neutralization of escape mutant viruses
(FIG. 3B), the inventors propose that blocking of MARV GP
binding to NPC1 is the principal mechanism of MARV
neutralization by these naturally-occurring human Abs. This
model is supported by the data in the accompanying paper
(Hashiguchi et al., 2015) showing that MR78 inhibits bind-
ing of NPC1 domain C to MARV GP.

Cross-Reactive Binding of MARV Aantibodies with
EBOV GP.

It is surprising that human MARV nAbs recognize the
putative NPC1 protein receptor-binding site on GP, since
previous studies suggested that the NPC1 protein receptor-
binding site on EBOV GP may be obscured from Ab binding
by the presence of the highly glycosylated glycan cap and
mucin-like domain (Lee et al., 2008). To determine whether
the MARV nAbs the inventors isolated also could bind in a
cross-reactive manner to the EBOV GP receptor-binding
site, and they performed ELISA binding assays using three
recombinant forms of MARV and EBOV GPs: full-length
GP ectodomain containing the glycan cap and mucin-like
domain (designated MARV or EBOV GP), ectodomains
lacking residues 257-425 (MARV) or 314-462 (EBOV) of
the mucin-like domain (designated MARV or EBOV
GPAmuc) and cleaved GP ectodomains enzymatically
treated to remove the mucin-like domain and glycan cap
(designated MARV or EBOV GPcl). Three of the MARV
nAbs, designated MR78, MR111 and MR191, recognized
the EBOV GPcl that lacked the glycan cap and mucin-like
domain (FIG. 4A). Remarkably, the MARV nAb MR72
bound all three forms of both EBOV and MARV GPs with
similar EC,, and E,, .. values, indicating that its epitope, and
the EBOV receptor-binding site which it likely overlaps,
might be partially accessible for Ab binding even in the
full-length form (FIG. 4A). The inventors tested the breadth
of neutralization of MARV nAbs for filoviruses using a
panel of different MARV and EBOV isolates. While mul-
tiple MARV Abs displayed neutralizing activity towards
different MARYV strains, MARYV nAbs did not exhibit detect-
able neutralization activity against EBOV or VSV/EBOV
(FIG. 4B). Structural analysis of MARV and EBOV GP in
the accompanying paper (Hashiguchi et al., 2015) reveals
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that the glycan cap and mucin-like domain likely obscure the
receptor-binding domain in EBOV but not MARV.

In Vivo Testing.

The inventors tested the in vivo protective activity of the
mAbs in a murine model using mouse-adapted MARYV strain
Ci67 (Warfield et al., 2007; Warfield et al., 2009). Inocula-
tion of mice with MARV Ci67 causes clinical disease, and
in a proportion of animals causes lethal disease, although
typically less than 100% lethality in mice (Warren et al.,
2014). The inventors selected four of the mAbs among those
with the lowest in vitro neutralization 1Cs,, values: MR72,
MR82, MR213, and MR232. The IC,, values in neutraliza-
tion assays with MARV Uganda or mouse-adapted MARV
strain Ci67 were comparable (within two-fold). Seven week-
old BALB/c mice were injected with 100 pg of antibody by
the IM route and challenged with 1,000 PFU of Ci67.
Twenty four hours later, antibody treatment was repeated.
By day 6, all five control (untreated) mice developed pro-
gressive loss of weight and symptoms of the disease, includ-
ing dyspnea, recumbency and unresponsiveness, and on
days 8 and 9, two animals were found dead and one animal
was found moribund and euthanized. The remaining two
animals demonstrated recovery by day 11. In contrast, all
animals treated with any antibody survived and did not
display the elevation of the disease score, with the exception
of two animals treated with MR72, which showed a transient
marginal loss of weight and increase of the disease score on
days 6-9, which did not exceed 1 (FIG. 5). The observed
level of protection was remarkable given the relatively
modest in vitro neutralizing potency of the antibodies.

The inventors further tested the utility of two of the
Marburg GP monoclonal antibodies for therapeutic effect in
a fatal guinea pig challenge model (FIGS. 11A-B). MR78 or
MR191 antibodies were expressed as recombinant full
length IgG molecules in transgenic tobacco plants (Nicoti-
ana tabacum) and purified (designated MR78-N or MR191-
N) and used to treat guinea pigs challenged with guinea pig
adapted Angola strain of Marburg virus (treatment with 10
mg per animal on day 4 post-infection) or challenged with
guinea pig adapted Ravn strain of Marburg virus (treatment
with 10 mg per animal on day 2 post-infection). In both
cases, both antibodies mediated a therapeutic effect.

The inventors further tested the utility of one of the
Marburg GP monoclonal antibodies for therapeutic effect in
a fatal monkey challenge model (FIGS. 12A-B). MR191
antibody was expressed as recombinant full length IgG
molecules in transgenic tobacco plants (Nicotiana tabacum)
and purified (designated MR191-N) and used to treat
macaques challenged with Angola or Ravn strain of Mar-
burg virus (treatment on day 5 post-infection). For both
challenge strains, the antibody mediated a therapeutic effect,
as evidenced by decrease viral load and increased survival.

Example 3—Discussion

There is an obvious urgent need for prophylactic and
therapeutic interventions for filovirus infections given the
recurrence of MARV outbreaks including in October 2014 in
Uganda and a massive outbreak of EBOV infections in West
Africa in 2014. There is very little information about the
structural determinants of neutralization on which to base
the rational selection of antibodies, and for MARYV there
have been no reported human nAbs.

This study reveals that naturally occurring human MARV
nAbs isolated from the B cells of a recovered donor prin-
cipally target the MARV NPC1 protein receptor-binding
site, suggesting that a major mechanism of MARV neutral-



US 11,084,869 B2

39

ization could be inhibition of binding to receptor. Remark-
ably, some of the isolated antibodies also bound to the
EBOV GP. This mechanism of MARV neutralization was
unexpected, because previous studies with EBOV showed
that the putative receptor-binding domain on GP is obscured
on the surface of virions by the presence of the glycan cap
and mucin-like domain, only becoming exposed following
cleavage by cathepsin in the endosome. These studies sug-
gest that the configuration of the MARV GP differs signifi-
cantly from that of EBOV GP because the receptor-binding
domain must be accessible for immune recognition on
MARYV GP. Indeed, determination of the structure of the
MARYV GP and structural analysis of the interaction of mAb
MR78 with MARYV and EBOV GP molecules shows this to
be the case (see accompanying paper, Hashiguchi et al.,
2015).

The information obtained from these studies can be used
to inform development of new therapeutics and structure-
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based vaccine designs against filoviruses. Furthermore, as
these nAbs are fully human and exhibit inhibitory activity,
they might be useful as a component of a prophylactic or
therapeutic approach for filovirus infection and disease. The
challenge studies using a murine model here show clear
evidence of in vivo activity and suggest additional preclini-
cal studies in other species such as guinea pigs and
macaques are warranted. Their ability to bind a broad range
of MARY isolates indicates they may offer detection of or
efficacy against new viral strains yet to emerge. Although
some of these mAbs bind to certain forms of EBOV GP,
these antibodies are not likely to be effective against natural
Ebola infection because the EBOV receptor-binding site is
obscured on the viral surface. However, such mAbs might
neutralize EBOV if they could be delivered to the endosome
where the EBOV receptor-binding site is exposed following
GP cleavage.

TABLE 1

NUCLEOTIDE SEQUENCES FOR ANTIBODY VARIABLE REGIONS

Clone

Variable Region Sequence

SEQ
ID NO:

>MR65_VH

>MR65_VL

>MR72_VH

>MR72_VL

>MR78_VH

>MR78_VL

>MR82_VH

gaggtgcagctgttggagtetgggggaggettggtacagectggggggtecctgagacte
tcectgtgeagectetggattecacctttageagetatgecatgagetgggteegecagget
ccagggecaggggetggagtgggtetcaggtattagtgetactggtggtaacacatactac
ccagactecgtgaagggecgattcaccatetecagagacaattccaagaacacgetgtac
ctgcaaatgaacagectgagagecgaggacacggecgtatattactgtgegagaccatta
caatttttgacctggttegaccecctggggecagggaaccetggtecacegtetectea

gaaattgtgttgacacagtcteceggecacectgtetttgtetecaggggaaagagecace
ctectectgeagggecagtcagagtgttaacaacttettagectggtaccaacagaaacct
ggccagecteccaggetectcatetatgatgeaaccaacagggecactggeateccagece
aggttcagtggcagtgggtetgggacagacttcactetcaccatcagecagectagagect
gaagattttgcagtttatcactgtcagcaccgtagecaactggecctegatcaccttegge
caagggacacgactggagattaaa

cagctgeagetgeaggagtegggeccaggactggtgaagectteggagacectgaacete
tcctgeactgtetetggtgactecatcaacaatactaattactactgggectggateege
cagcceeccagggaaggggetggagtacattgggagtatectattatagtgggageacctac
tacaaccegtecctcaagagecgagtcaccatgtecgtagacgegtccaagaaccagtte
tcectgaggetgagetetgtgacegecgecagacacggetgtgtattactgtgegacacac
cccacactgggggettttgtattactgtggtteggggcaaactttgaccactggggecag
ggaaccctggtcaccegtetectea

caggctgtggtgacgeagecgecctecagtgtetggggecccaggecagagggtcaccate
tcectgecactgggagecagetecaacateggggceaaattatgatgtacactggtaccageag
cttecagggacageccccaaactectecatgtatagtaacactaateggecctcaggggte
cctgaccgattetetggetecaagtetggeacttecagectecctggecatcactgggete
caggctgaggatgaggctgattattactgecagtectatgacaacagectgaacagttygyg
gtgtteggeggagggacccagetgacegtecta

cagctgeagetgeaggagtegggeccaggactggtgaagectteggagacectgteccte
acctgeactgtgtetggtggetecatcagecagtagtagttactactggggetggateege
cagcecccagggaaggggetggagtggattgggagtgtetattatagtgggggegectee
tacaaccegtecctgaagagtegagecaccatateegtagacacgtccaagaaccagtte
tcectgaacctggactetgtgagegecgecagacacggcetatatattactgtgegagtatt
tatggttcagggaccttttactactacttctacatggacgtetggggcaaagggtecacy
gtcaccgtctectea

gacatccagatgacccagtetecatecteectgtetgeatetgtaggagacagagteace
atcacttgecaggcegagtcaggtcattagcaactatttaaattggtatcaacagaaacca
gggaaagcccctaagetectgatetacgacacatecaatttgaaaacaggggteccatca
aggttcagtggaagtggatctgggacagattttactttcaccatcagcagectgcagect
gaagatattgcaacatattattgtcaacaatatgaaaatctccagttcacttteggecct
gggaccaaggtggatatcaaa

caggtecagettgtgeagtetggggetgaggtgaagaagectggggectecagtgaaggte
tcectgecaaggettetggacacaccttecactacctatgetatecattgggtgegecaggece
cceggacaagggettgagtggatgggatggatcaacectgacaatgataacacagaatat
tcacagaagttccagggcagagtcaccattaccagggacacatccgegagcacagectac
atggagctgageagectgatatctgaggacacggetgtgttttactgtgegagegettet
tacactttttggagtggttattatagtggtectggactactggggecagggaacectggte
accgtetectea
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TABLE 1-continued
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NUCLEOTIDE SEQUENCES FOR ANTIBODY VARIABLE REGIONS

Clone

Variable Region Sequence

SEQ
ID NO:

>MR82_VL

>MR103_VH

>MR103_VL

>MR111 VH

>MR111 VL

>MR144 VH

>MR144_ VL

>MR186_VH

>MR186_VL

>MR191 VH

gaaattgtgttgacgcagtctecaggcacectgtetttgtetecaggggaaagagecace
ctectectgecagggecagtcagagtgttageatcaactacttagectggtaccagcagaaa
cectggecaggeteccaggetecteatetatggtgeatccagecagggecactggeatecca
gacaggttcagtggcagtgggtctgggacagacttecactetecaccatcagecagactggag
cctgaagattttgeagtgtattactgtcagecagtatggtagetcaccteegtggacttte
ggccctgggaccaaggtggatatcaaa

caggttcagetggtgecagtetggagetgaggtgaagaagectggggectcagtgaaggte
tcctgcaaggettetggttatacectttagecaactatggtatcagetgggtgegacaggee
cctggacaagggettgagtggatgggatgggtcaacacttataatggtaacacatactat
gctecagagecttcagggcagagtcaccatgaccacagacacatccacgagecacagectac
atggagctgaggagectgakatetgacgacacggecgtgtacttttgtgegagagatcac
cccattacgatttttggagtgattattettggggagecaacaacctggggecagggaace
ctggtcaccgtetectea

gaaatagtgatgacgcagtctecagecacectgtetgtgtetecaggggaaagagecace
ctectectgecagggecagtcagagtgttaacagcaacttagectggtaccagcagaaacct
ggccaggceteccaggetecteatetatggtgeatecaccagggecactggtateccagece
aggttcagtggcagtgggtetgggacagagttcactetcaccatcagcagectgeagtet
gaagattttgaagtttattactgtcagcagtataataactggecceggacgtteggecaa
gggaccaaggtggatatcaaa

caggtgcagetgecaggagtegggeccaggactggtgaagectteggagacectgteccte
acctgcactgtetetggtgactecatcaataattattactggagetggatceggecagece
ccagggaagggactggagtggattgggtatatctattacagtaataccaactacaaccce
tcectcaaaagtegagtcaccatatcagtagacacgtccaagaaccagttetecctgagyg
ctgagetetgtgacegetgeggacacggecgtgtattactgtgegagatetecattattt
tggtteggggagttettttectegectgatcactttgacttttggggecagggaacecty

cagtctgeectgactecagectgecteegtgtetgggtetectggacagtegatcaccate
tcectgcactggaaccagecagtgatgttgggagttatgaccettgtetectggtaccaacag
cacccaggcaaageccccaaactecatgetttatgagggeactaageggecctcaggggtt
tctaatcgettetetggetecaagtetggecaacacggectecctgacaatetetgggete
caggctgaggacgaggctgattattactgetgetcatatgecaggtggtagcactttggta
ttceggeggagggacccaggtgacegtecta

caggtgcagetgecaggagtegggeccaggactggtgaagectteggagacectgteccte
acctgcactgtetetggtgactecataagtagatactactggagttggatceggcagece
ccagggaagggactggagtggattgggtatctcectattacagtgggagtaccgactacaac
cectecctcaagagtegagtcaccatttecagtagacacgteccaagaaccagtteteecty
aatctgacctetgtgacegetgeggacacggeegtgtattactgtgegagaggatectee
cggggtataggagtggtgtegeactggttegacecectggggecagggaace

tcectatgtgetgactcagecacecteggtgteagtggecccaggacagacggecagaate
acctgtgggggatccaacatgggatataaaagtgtgcagtggtaccagcagaggcecagge
caggccectgtgetggtegtetatgatgatacegaceggecctcagggatecectgagega
ttctetggetecaactetggggecacggecacectgaccatcagecagtgtcgaagecggyg
gatgaggccgactattactgtcaggtgtgggatagtagtagegatcatcatgtggtatte
ggcggagggacccaggtgacegtecta

caggtgcagetgecaggagtegggeccaggactggtgaagectteggagacectgteccte
tcectgecactgtetetggtggetecatcagtggttactactggagetggatceceggecagece
ccagggaagggactggagtggattgggtatatctatcacagtgggagtcccaactacaac
cectecctcaagagtegagtcaccatttecagtagacacgteccaagaaccagtteteecty
aggctgagcetetgtgacegecgecagacacggecatgtattactgtgegagaactgettat
acggtgggttttttegectactactacttggatgtetggggcagagggaccacectgtee
ctectectyge

gacatccagatgacccagtctecatectecctgtetgeatetgtaggggacagagtecace
atcacttgccaggegagtcacgacattagcaactatttaaattggtatcagcaaaaacca
ggcaaagcccctaagetectgatetacgatgeatecaatttggaaacgggggteccatcea
aggttcagtggagctggatctgggacagattttactttcaccatcagcagectgecagect
gaagatgttgcaacatattactgtcaagtatatgataatctectettecacttegy

cagctgeagetgeaggagtegggeccaggactggtgaagectteggagaceetgteccte
acctgcactgtetetggtgtetecatcagegataatagttattactggggetggateege
cagcecccagggaagggectggagtggattgggactatetettatagtgggaacacctac
tacaacccgtecctcaagagtegagtcageatateeggagacacgtcecaageaccagete
tcectgaaggtgagetetgtgacegecgecagacacggetgtetattactgtgegagacag
cggatagtatcaggatttgtggagtggetatcaaaatttgactactggggccaggggace
ctggtcaccgtetectea

15

16

17

18

19

20

21

22

23

24



US 11,084,869 B2
43
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NUCLEOTIDE SEQUENCES FOR ANTIBODY VARIABLE REGIONS

Clone

Variable Region Sequence

SEQ
ID NO:

>MR191 VL

>MR198_VH

>MR198_VL

>MR201_VH

>MR201_VL

>MR208_VH

>MR208_VL

>MR209_VH

>MR209_VL

>MR229_VH

cagtctgtgetgacgeagecgecctecagtgtetggggecccagggcagagggtcaccate
tcectgcactgggagecagetecaacateggggeaggttttgatgtacactggtaccageaa
cttccaggaacageccccaaactectecatetatgataacaacaateggecctcaggggte
cctgaccgattetetggetecaagtetggecacctecagectecctggecatcactgggete
caggctgaggatgaggctgattattactgecagtectatgacaccagectgagtggtece
gtggtgtteggeggagggaccaagcetgacegtecta

caggtgcagctgecaggagtegggeccaggactggtgaagecttcacagaceetgteecte
tcectgecactgtetetggtggetecatcageagtgatagttactactggaactggateege
cagcacccagggaagggectggagtggattgggtacgtetattatagtgggageaccaac
tacaacccgtecctcaagagtegagttatcatatcactagacacgtctaagaaccagtte
tcectgaagetgaactetgtgactgecgeggacacggecgtgtattactgtgegagagee
gattattatggttcagggagtttecttctactactaccacatggacgtetggggcaaaggg

gacatccagatgacccagtctecttecacectgtetgeatetgtaggagacagagtecace
atcacttgcegggecagtcagagtatttatacectggttggectggtatcagcagaaacca
gggaaagcccctaagetectgatecataagtegtetagtttagaaagtggggteccttea
aggttcagcggeagtggatcetgggacagaattcactetcaccatcagcagectgeagect
gatgattttgcgacttattactgccaccagtattatgtttatecttgeacgteggee

cagctgeagetgecaggagtegggeccaggactggtgaagectteggagactetgtttete
agttgegetgtetetggtggetecategecggtageactcactactggggetggateege
cagcecccagggaaggggetggagtggattgggagtatetetgaaagtgggageacctac
cacaatcecgtecctcaagagtegagtcaccatatecegtggacacgtccaaaaattactte
tcectgaacttgagetetgtgacegecgecagacacggetgtgtattactgtgegagaata
gtgggtcaatctggtacctttatctactactattacgecatggacgtetggggecacaggg
accctggtcacegtetectea

gacatccagttgacccagtctecatecttectgtetgeatetgtaggagacagagtecace
atcacttgcegggecagtcagggeattagtagttatttagectggtatcagcaaaaacca
gggaaagcccctaagetectgatetatgetgectecactttgecaacgtggggteccatea
aggttcagcggeagtggatcetgggacagagttcactetcacaatcagcagectgcagect
gaagactctgcaacttattactgtcaacagcttaatagttatetegegetecattttegge

dgagggacc

caggtgcagetgecaggagtegggeccaggactggtgaagectteggagacectgteccte
acctgcagtgtetetggtgactecgtecageagtggtgattactattggagetggeteegyg
cagceccccgggaagggactggagtggattggetatatcetattacagtggggecaccaac
tacaacccctecctcaagagtegagtcaccatttcactagacacgtccaagaaccagtte
tcectgaaactgacctetgtgacegetgeggacacggecgtetattactgtgegagagaa
cgggegggatttttggagtggttattttttgaagattggggecagggaace

gacatccagatgacccagtctecatectecctgtetgeatetgtaggagacagagtecace
attttttgcegggcaagtcagagecattggecacctatttaagttggtatcaacagaaacca
gggaaagcccctaaggtettgatetatgetacatecaatttgecaaagtggggteccatcea
aggttcagtggcagtggatctgggacagaattcactetcaccatcagcagtetgcaacct
gaagattttgcaacatactactgtcaacaaagtaggacatteggeccaagggaccaaggtyg
gatatgaaa

cagctgeagetgeaggagtegggeccaggactggtgaagectteggagaceetgteccte
acctgcactgtegetggtggecccatcaccagtaataattactactggggetggateegt
cagtccccagggaaggggetggagtggattgggagtgtttattatagtgggaacacctac
tataatccgtecatcaagactegagtcaccatgtecgtggacacgtegaagagecagtte
tcectaaaactgaactecegtgacegecgecagacacggetgtetattactgtgegagacag
tttaggcttttacaatttgtggagtggctacaccactttgactectggggeccagggaac

tcectatgtgetgacteagecacecteggtgteagtggecccaggacagacggecaggatt
ccectgtgggggeaatgatattgegaataaacgtgtgecactggtaccagcagaagecagge
caggccectatgetggtegtetatgatgatggegaceggecctcagggatecectgagega
ttctetggetecaactetgggaacacggecacectgaccatcageegggt cgaagecggyg
gatgaggccgactattactgtcaggtgtgggaaaatagtagtgatetttgtgtggtatte
ggcggagggaccaagctgacegtecta

gaggtgcagctggtggagtctgggggaggettggtaaagecaggggggteectgagaate
tcectgtgtaacttetggattcacctttggtgattatgetatgagttggttecgecagget
ccagggaaggggetggagtgggtaggtttecattagaaacaaaggttatggtgggacaata
gattacgccegegtetgtgaaaggcagatteaccatetcaagagatgattecaagagtate
gcectatcetgcaaatgaacagectgaaaaccgaggacacagecgtttattactgtacegga
gtccgattgcattacgatttetggagtggttatgatgatgattettttecatatatgggge
caagggacaatg
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NUCLEOTIDE SEQUENCES FOR ANTIBODY VARIABLE REGIONS

Clone

Variable Region Sequence

SEQ
ID NO:

>MR229_VL

>MR232_ VH

>MR232_ VL

>MR238_VH

>MR238_VL

>MR241 VH

>MR241 VL

>MR228_VH

>MR228_VL

gatggtgtgatgactcagtctecactetecctgecegtecaceectggacageeggectee
atctcctgecaggtctactcaaagectegtacacggagatggagacacctacttatattygg
tttcagcagaggccaggecaatctecaaggegectaatttataaggtttetaategggac
tctggggtcccagacagattecageggecagtgggtcaggeactgatttcacactgaaaate
agcagggtggaggctgaggatgttggggtttattactgecatgcaaagtacacactggect
ccgacttttggecag

cagctgeagetgeaggagtegggeccaggactggtgaagectteggagaceetgteccte
acctgegetgtgteaggtggetecatcageagtagtggttactgetggggetggateege
cagcecccagggaaggggetggagtggategegagtatetgetctagtgggaccacctac
ttcaattcegteccctcaagagtegagtetecatateccatagacacgtecaggececagtte
ttactgaacctgegetetetgacegecgecagacacggetgtetactattgtgegagacaa
agaatggagttacattttttggagtggttgtttecttttgactectggggecagggaace
ctggtcaccgtetectea

gacatagtgatgacgcagtctecagecacectgtetgtgtetecaggagagagagecace
ctectectgecagggecagtecagagtgttagecagecaacttagectggtaccagcagaaacct
ggccaggceteccaggetecteatetetggtgeatecactagggecactggtateccagece
agattcagtggcagtgggtcetgggacagagttcactetcaccatcagcagectgeagtet
gaagattttgcagtttattactgtcagcagtatattaactggecegtgecagttttggecag
gggaccaaggtggatatcaaa

gaggtgcagctggtggagtctgggggaggettggtecagectggggggtecctgagacte
tcectgtgcagectetggattecacctttagtagttattggatgaactgggtceegecagget
ccagggaaggggctggagtgggtggecaacgtaaaggaagatggaagtaagaagtactat
gtggactctgtgaaggggcgattcaccatetecagagacaacgecaagaactetetgtat
ctgcaaatgaacagectgagagtegaggacacggetcetetattactgtgtgagaggagag
gattgtagtggtggaaggtgctectecctattttttecgeageactactttgactactgg
ggcccagggaac

gacatccagatgacccagtctecatetteegtgtetgeatetgtaggagacagagtecace
atcacttgtegggegagtcagggtattetcaactggttagectggtatcagcagaaacca
gggaaagcccctaaactectgatetatgetgeatecagtgtacaaagtggggteccatcea
aggttcagcggeagtggatctggecacagatttcacectcaccattagecagectgeagect
gacgattttgcaacttactattgtcagcaaactaacagttteectetecactttegeegga
gggaccaaggtggagatcaaa

caggtgcagetgecaggagtegggecceggactggtgaagectteggagacectgteccte
acctgcactgtetetggtgectecatcagtggtaacttetggagetggatceggecagece
ccagggaagggactggaatatattggttatatgtetgacattgggaccaccaactacage
cectecctcaagagtegagtcaccatttecagtagacacgteccaagaaccagtteteecty
aatctgacctetgtgacegetgeggacgeggeegtgtattactgtgegagacttgtagea
gtgcctggtttettetatcactactacatggacgtetggggwgaggggacectggteace
gtctectea

gacatygtgatgacccagtctecatetteegtgtetgeatetgtaggagacagagtecace
atcacttgtegggegagtcagggtattagtggetggttggectggtatcagcagaaacca
gggaaagcccctaagetectgatetatgetacatecactttgecaaagtggggtecegtea
aggttcagcggeagtgaatctgggacagetttecactetcaccatcagecagectgeagect
gaagattttgcaacttactattgtcaacaggctaacagttteectetcacttteggegga
gggaccaaggtggagatcaaa

caggtgcagetggtggagtectgggggaggegtggt ccagectggggggtecctgaggate
tcectgtgeagecgetggattecacctttagtagaagtggeatgeactgggteegecagget

ccaggcaaggggetggagtgggtggeagtecatttecatatgacggaaatactgaacactat
gcagactccatggagggcecgagtcacegtetecagagacaactecaacaacacgetgtac
ctgcaaatgaacagectgagagegggggacacggetgtgtattattgtgegaaagatcega
catactacagggagtaattataatggeggactcettggaccactggggecagggaacecty
gtcaccgtctectcea

gaaaccgtgatgacccagtcetecagacteectggetgtgtetetgggegagagggecace
atcaactgcaagtccagecagagtgttttacacagetccaagaatagaaactacttgget
tggtaccagcagaagccaggacagectectaagttgetcatttactgggeatcetaceegyg
gaatccggggtecctgaccegetteagtggeagegggtetgggacagatttecactetecace
atcagcagectgecaggectgaagatgtggeactttattactgtcagcaatattatactagt
cegetgacttteggecaagggacacgactggagattaaa
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MR# indicates the particular monoclonal antibody

VH indicates the antibody heavy chain variable region

VL indicated the antibody light chain variable region
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TABLE 2

PROTEIN SEQUENCES FOR ANTIBODY VARIABLE REGIONS

Clone

Variable Sequence

>MR65_VH

>MR65_VL

>MR72_VH

>MR72_VL

>MR78_VH

>MR78_VL

>MR82_VH

>MR82_VL

>MR103_VH

>MR103_VL

>MR111 VH

>MR111 VL

>MR144 VH

>MR144_ VL

>MR186_VH

>MR186_VL

>MR191 VH

>MR191 VL

>MR198_VH

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGQGLEWVSGIS
ATGGNTYYPDSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPLQFLT
WFDPWGQGTLVTVSS (SEQ ID NO: 44)

EIVLTQSPATLSLSPGERATLSCRASQSVNNFLAWYQQKPGQPPRLLIYDAT
NRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYHCQHRSNWPSITFGQGTR
LEIK (SEQ ID NO: 45)

QLOLQESGPGLVKPSETLSLTCTVSGDS INNTNYYWAWIRQPPGKGLEYIGS
IYYSGSTYYNPSLKSRVTMSVDASKNQF SLRLSSVTAADTAVYYCATHPTLG
AFVLLWFGANFDHWGQGTLVTVSS (SEQ ID NO: 46)

QAVVTQPPSVSGAPGQRVTISCTGSSSNIGANYDVHWYQQLPGTAPKLLMYS
NTNRPSGVPDRFSGSKSGTSASLAITGLQAEDEADYYCQSYDNSLNSWVFGG
GTQLTVL (SEQ ID NO: 47)

QLOLQESGPGLVKPSETLSLTCTVSGGSISSSSYYWGWIRQPPGKGLEWIGS
VYYSGGASYNPSLKSRATISVDTSKNQFSLNLDSVSAADTAIYYCASIYGSG
TFYYYFYMDVWGKGSTVTVSS (SEQ ID NO: 48)

DIQMTQSPSSLSASVGDRVTITCQASQVISNYLNWYQQKPGKAPKLLIYDTS
NLKTGVPSRFSGSGSGTDFTFTISSLQPEDIATYYCQQYENLQFTFGPGTKV
DIK (SEQ ID NO: 49)

QVQLVQSGAEVKKPGASVKVSCKASGHTFTTYAIHWVRQAPGQGLEWMGWIN
PDNDNTEYSQKFQGRVTITRDTSASTAYMELSSLISEDTAVFYCASASYTFW
SGYYSGLDYWGQGTLVTVSS (SEQ ID NO: 50)

EIVLTQSPGTLSLSPGERATLSCRASQSVSINYLAWYQQKPGQAPRLLIYGA
SSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYGSSPPWTFGPGT
KVDIK (SEQ ID NO: 51

QVQLVQSGAEVKKPGASVKVSCKASGYTFSNYGISWVRQAPGQGLEWMGWVN
TYNGNTYYAQSLQGRVTMTTDTSTSTAYMELRSLXSDDTAVYFCARDHPITI
FGVIILGEPTTWGQGTLVTVSS (SEQ ID NO: 52)

EIVMTQSPATLSVSPGERATLSCRASQSVNSNLAWYQQKPGQAPRLLIYGAS
TRATGIPARFSGSGSGTEFTLTISSLQSEDFEVYYCQQYNNWPRTFGQGTKV
DIK (SEQ ID NO: 53)

QVQLQESGPGLVKPSETLSLTCTVSGDS INNYYWSWIRQPPGKGLEWIGYIY
YSNTNYNPSLKSRVTISVDTSKNQFSLRLSSVTAADTAVYYCARSPLFWEFGE
FFSSPDHFDFWGQGTL (SEQ ID NO: 54)

QSALTQPASVSGSPGQSITISCTGTSSDVGSYDLVSWYQQHPGKAPKLMLYE
GTKRPSGVSNRFSGSKSGNTASLTISGLQAEDEADYYCCSYAGGSTLVFGGG
TQVTVL (SEQ ID NO: 55)

QVQLQESGPGLVKPSETLSLTCTVSGDSISRYYWSWIRQPPGKGLEWIGYLY
YSGSTDYNPSLKSRVTISVDTSKNQF SLNLTSVTAADTAVYYCARGSSRGIG
VVSHWFDPWGQGT (SEQ ID NO: 56)

SYVLTQPPSVSVAPGQTARITCGGSNMGYKSVOWYQQRPGQAPVLVVYDDTD
RPSGIPERFSGSNSGATATLTISSVEAGDEADYYCQVWDSSSDHHVVFGGGT
QVTVL (SEQ ID NO: 57

QVQLQESGPGLVKPSETLSLSCTVSGGSISGYYWSWIRQPPGKGLEWIGYIY
HSGSPNYNPSLKSRVTISVDTSKNQFSLRLSSVTAADTAMYYCARTAYTVGF
FAYYYLDVWGRGTTLSLSC (SEQ ID NO: 58)

DIQMTQSPSSLSASVGDRVTITCQASHDISNYLNWYQQKPGKAPKLLIYDAS
NLETGVPSRFSGAGSGTDFTFTISSLQPEDVATYYCQVYDNLLFTS (SEQ
ID NO: 59)

QLOLQESGPGLVKPSETLSLSCTVSGVSISDNSYYWGWIRQPPGKGLEWIGT
ISYSGNTYYNPSLKSRVSISGDTSKHQLSLKVSSVTAADTAVYYCARQRIVS
GFVEWLSKFDYWGQGTLVTVSS (SEQ ID NO: 60)

QSVLTQPPSVSGAPGQRVTISCTGSSSNIGAGFDVHWYQQLPGTAPKLLIYD
NNNRPSGVPDRFSGSKSGTSASLAITGLQAEDEADYYCQSYDTSLSGPVVFEG
GGTKLTVL (SEQ ID NO: 61)

QVQLQESGPGLVKPSQTLSLSCTVSGGSISSDSYYWNWIRQHPGKGLEWIGY
VYYSGSTNYNPSLKSRVIISLDTSKNQFSLKLNSVTAADTAVYYCARADYYG
SGSFFYYYHMDVWGKG (SEQ ID NO: 62)

48
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TABLE 2-continued

PROTEIN SEQUENCES FOR ANTIBODY VARIABLE REGIONS

Clone

Variable Sequence

>MR198_VL

>MR201_VH

>MR201_VL

>MR208_VH

>MR208_VL

>MR209_VH

>MR209_VL

>MR229_VH

>MR229_VL

>MR232_ VH

>MR232_ VL

>MR238_VH

>MR238_VL

>MR241 VH

>MR241 VL

>MR228_VH

>MR228_VL

DIQMTQSPSTLSASVGDRVTITCRASQSIYTWLAWYQQKPGKAPKLLIHKSS
SLESGVPSRFSGSGSGTEFTLTISSLOPDDFATYYCHQYYVYPCTSA (SEQ
ID NO: 63)

QLOLQESGPGLVKPSETLFLSCAVSGGSIAGS THYWGWIRQPPGKGLEWIGS
ISESGSTYHNPSLKSRVTISVDTSKNYFSLNLSSVTAADTAVYYCARIVGQS
GTFIYYYYAMDVWGTGTLVTVSS (SEQ ID NO: 64)

DIQLTQSPSFLSASVGDRVTITCRASQGISSYLAWYQQKPGKAPKLLIYAAS
TLORGVPSRFSGSGSGTEFTLTISSLQPEDSATYYCQQOLNSYLALIFGGGT
(SEQ ID NO: 65)

QVQLQESGPGLVKPSETLSLTCSVSGDSVSSGDYYWSWLRQPPGKGLEWIGY
IYYSGATNYNPSLKSRVTISLDTSKNQFSLKLTSVTAADTAVYYCARERAGF
LEWLFFEDWGQGT (SEQ ID NO: 66)

DIQMTQSPSSLSASVGDRVTIFCRASQSIGTYLSWYQQKPGKAPKVLIYATS
NLQSGVPSRFSGSGSGTEFTLTISSLQPEDFATYYCQQSRTFGQGTKVDMK
(SEQ ID NO: 67)

QLOLQESGPGLVKPSETLSLTCTVAGGPITSNNYYWGWIRQSPGKGLEWIGS
VYYSGNTYYNPSIKTRVTMSVDTSKSQF SLKLNSVTAADTAVYYCARQFRLL
QFVEWLHHFDSWGPGN (SEQ ID NO: 68)

SYVLTQPPSVSVAPGQTARIPCGGND IANKRVHWYQQKPGQAPMLVVYDDGD
RPSGIPERFSGSNSGNTATLTISRVEAGDEADYYCQVWENS SDLCVVFGGGT
KLTVL (SEQ ID NO: 69)

EVQLVESGGGLVKPGGSLRISCVTSGFTFGDYAMSWFRQAPGKGLEWVGFIR
NKGYGGTIDYAASVKGRFTISRDDSKSIAYLOMNSLKTEDTAVYYCTGVRLH
YDFWSGYDDDSFHIWGQGTM (SEQ ID NO: 70)

DGVMTQSPLSLPVTPGQPASISCRSTQSLVHGDGD TYLYWFQQRPGQSPRRL
IYKVSNRDSGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQSTHWPPTFG
Q (SEQ ID NO: 71)

QLOLQESGPGLVKPSETLSLTCAVSGGSISSSGYCWGWIRQPPGKGLEWIAS
ICSSGTTYFNSSLKSRVSISIDTSRPQFLLNLRSLTAADTAVYYCARQRMEL
HFLEWLFPFDSWGQGTLVTVSS (SEQ ID NO: 72)

DIVMTQSPATLSVSPGERATLSCRASQSVSSNLAWYQQKPGQAPRLLI SGAS
TRATGIPARFSGSGSGTEFTLTISSLQSEDFAVYYCQQYINWPCSFGQGTKV
DIK (SEQ ID NO: 73)

EVQLVESGGGLVQPGGSLRLSCAASGFTFS SYWMNWVRQAPGKGLEWVANVK
EDGSKKYYVDSVKGRFTISRDNAKNSLYLOMNSLRVEDTALYYCVRGEDCSG
GRCSSLFFPQHYFDYWGPGN (SEQ ID NO: 74)

DIQMTQSPSSVSASVGDRVTITCRASQGILNWLAWYQQKPGKAPKLLIYAAS
SVQSGVPSRFSGSGSGTDFTLTISSLOPDDFATYYCQQTNSFPLTFAGGTKV
EIK (SEQ ID NO: 75)

QVQLQESGPGLVKPSETLSLTCTVSGASISGNFWSWIRQPPGKGLEYIGYMS
DIGTTNYSPSLKSRVTISVDTSKNQFSLNLTSVTAADAAVYYCARLVAVPGF
FYHYYMDVWGEGTLVTVSS (SEQ ID NO: 76

DIVMTQSPSSVSASVGDRVTITCRASQGISGWLAWYQQKPGKAPKLLIYATS
TLQSGVPSRFSGSESGTAFTLTISSLQPEDFATYYCQQANSFPLTFGGGTKV
EIK (SEQ ID NO: 77)

QVQLVESGGGVVQPGGSLRISCAAAGFTFSRSGMHWVRQAPGKGLEWVAVIS
YDGNTEHYADSMEGRVTVSRDNSNNTLYLQMNSLRAGDTAVYYCAKDRHTTG
SNYNGGLLDHWGQGTLVTVSS (SEQ ID NO: 78)

ETVMTQSPDSLAVSLGERATINCKSSQSVLHS SKNRNYLAWYQQKPGQPPKL
LIYWASTRESGVPDRFSGSGSGTDFTLTISSLOQAEDVALYYCQQYYTSPLTFE
GQGTRLEIK (SEQ ID NO: 79)

MR# indicates the particular monoclonal antibody

VH indicates the antibody heavy chain variable region

VL indicated the antibody light chain variable region
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TABLE 3

CDR HEAVY CHAIN SEQUENCES

Antibody CDRH1 CDRH2 CDRH3
MR65 GFTFSSYA ISATGGNT ARPLQFLTWEDP
(SEQ ID NO: 80) (SEQ ID NO: 81) (SEQ ID NO: 82)
MR72 GDSINNTNYY IYYSGST ATHPTLGAFVLLWEGANFDH
(SEQ ID NO: 83) (SEQ ID NO: 84) (SEQ ID NO: 85)
MR78 GGSISSSSYY VYYSGGA ASIYGSGTFYYYFYMDV
(SEQ ID NO: 86) (SEQ ID NO: 87) (SEQ ID NO: 88)
MRS2 GHTFTTYA INPDNDNT ASASYTFWSGYYSGLDY
(SEQ ID NO: 89) (SEQ ID NO: 90) (SEQ ID NO: 91)
MR103 GYTFSNYG VNTYNGNT ARDHPITIFGVIILGEPTT
(SEQ ID NO: 92) (SEQ ID NO: 93) (SEQ ID NO: 94)
MR111 GDSINNYY IYYSNT ARSPLFWFGEFFSSPDHFDF
(SEQ ID NO: 95) (SEQ ID NO: 96) (SEQ ID NO: 97)
MR144 GDSISRYY LYYSGST ARGSSRGIGVVSHWEDP
(SEQ ID NO: 98) (SEQ ID NO: 99) (SEQ ID NO: 100)
MR186 GGSISGYY IYHSGSP ARTAYTVGFFAYYYLDV
(SEQ ID NO: 101) (SEQ ID NO: 102) (SEQ ID NO: 103)
MR191 GVSISDNSYY ISYSGNT ARQRIVSGFVEWLSKEDY
(SEQ ID NO: 104) (SEQ ID NO: 105) (SEQ ID NO: 106)
MR198 GGSISSDSYY VYYSGST ARADYYGSGSFFYYYHMDV
(SEQ ID NO: 107) (SEQ ID NO: 108) (SEQ ID NO: 109)
MR201 GGSIAGSTHY ISESGST ARIVGQSGTFIYYYYAMDY
(SEQ ID NO: 110) (SEQ ID NO: 111) (SEQ ID NO: 112)
MR208 GDSVSSGDYY IYYSGAT ARERAGFLEWLFFED
(SEQ ID NO: 113) (SEQ ID NO: 114) (SEQ ID NO: 115)
MR209 GGPITSNNYY VYYSGNT ARQFRLLQFVEWLHHFDS
(SEQ ID NO: 116) (SEQ ID NO: 117) (SEQ ID NO: 118)
MR229 GFTFGDYA IRNKGYGGTI TGVRLHYDFWSGYDDDSFHI
(SEQ ID NO: 119) (SEQ ID NO: 120) (SEQ ID NO: 121)
MR232 GGSISSSGYC ICSSGTT ARQRMELHFLEWLEPFDS
(SEQ ID NO: 122) (SEQ ID NO: 123) (SEQ ID NO: 124)
MR238 GFTFSSYW VKEDGSKK VRGEDCSGGRCSSLFFPQHYFDY
(SEQ ID NO: 125) (SEQ ID NO: 126) (SEQ ID NO: 127)
MR241 GASISCNF MSDIGTT ARLVAVPGFFYHYYMDV
(SEQ ID NO: 128) (SEQ ID NO: 129) (SEQ ID NO: 130)
MR228 GFTFSRSG ISYDGNTE AKDRHTTGSNYNGGLLDH
(SEQ ID NO: 131) (SEQ ID NO: 132) (SEQ ID NO: 133)
50
TABLE 4 TABLE 4-continued
CDR LIGHT CHAIN SEQUENCES CDR LIGHT CHAIN SEQUENCES
Antibody CDRLI1 CDRL2 CDRL3 Antibody CDRL1 CDRL2 CDRL3
55
MR65 QSVNNF DAT QHRSNWPSIT MR103 QSVNSN GAS QOYNNWPRT
(SEQ ID NO: 134) (SEQ ID NO: 135) (SEQ ID NO: 142) (SEQ ID NO: 143)
MR72 SSNIGANYD SNT QSYDNSLNSWV MR111 SSDVGSYDL EGT CSYAGGSTLV
(SEQ ID NO: 136) (SEQ ID NO: 137) (SEQ ID NO: 144) (SEQ ID NO: 145)
MR78 QVISNY DTS QOYENLQFT MR144 NMGYKS DDT QUWDSSSDHHVV
(SEQ ID NO: 138) (SEQ ID NO: 139) (SEQ ID NO: 146) (SEQ ID NO: 147)
MRS2 QSVSINY GAS QOYGSSPPWT MR186 HDISNY DAS QVYDNLLET

(SEQ ID NO: 140) (SEQ ID NO: 141) 65 (SEQ ID NO: 148) (SEQ ID NO: 149)
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TABLE 4-continued

CDR LIGHT CHAIN SEQUENCES

Antibody CDRL1 CDRL2 CDRL3

MR191 SSNIGAGFD DNN QSYDTSLSGPVV

(SEQ ID NO: 150) (SEQ ID NO: 151)
MR198 QSIYTW Kss HQYYVYPCT

(SEQ ID NO: 152) (SEQ ID NO: 153)
MR201 QGISSY AAS QQOLNSYLALI

(SEQ ID NO: 154) (SEQ ID NO: 155)
MR208 QSIGTY ATS QQSRT

(SEQ ID NO: 156) (SEQ ID NO: 157)
MR209 DIANKR DDG QVWENSSDLCVV

(SEQ ID NO: 158) (SEQ ID NO: 159)
MR229 QSLVHGDGDTY Kvs MQSTHWPPT

(SEQ ID NO: 160) (SEQ ID NO: 161)
MR232 QSVSSN GAS QQYINWPCS

(SEQ ID NO: 162) (SEQ ID NO: 163)
MR238 QGILNW AAS QOTNSFPLT

(SEQ ID NO: 164) (SEQ ID NO: 165)
MR241 QGISGW ATS QOANSFPLT

(SEQ ID NO: 166) (SEQ ID NO: 167)
MR228 QSVLHSSKNRNY WAS QQYYTSPLT

(SEQ ID NO: 168) (SEQ ID NO: 169)

All of the compositions and methods disclosed and
claimed herein can be made and executed without undue
experimentation in light of the present disclosure. While the
compositions and methods of this disclosure have been
described in terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be
applied to the compositions and methods and in the steps or
in the sequence of steps of the method described herein
without departing from the concept, spirit and scope of the
disclosure. More specifically, it will be apparent that certain
agents which are both chemically and physiologically
related may be substituted for the agents described herein
while the same or similar results would be achieved. All
such similar substitutes and modifications apparent to those
skilled in the art are deemed to be within the spirit, scope and
concept of the disclosure as defined by the appended claims.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 169
<210> SEQ ID NO 1

<211> LENGTH: 28

<212> TYPE: DNA
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<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 1

catgtacgac gcgtcaacat gaggacta

<210> SEQ ID NO 2

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 2

tctagcaget cgagctatcce aatatattta gtaaagatac gacaa

<210> SEQ ID NO 3
<400> SEQUENCE: 3

000

<210> SEQ ID NO 4

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 4

catgtacgac gcgtcaacat gaggacta

<210> SEQ ID NO 5

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 5

actaagccct gectgecaggt

<210> SEQ ID NO 6

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 6

acaacaatgt accgaggcaa

<210> SEQ ID NO 7

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 7
tctagcaget cgagctatcce aatatattta gtaaagatac gacaa
<210> SEQ ID NO 8

<211> LENGTH: 357
<212> TYPE: DNA

28

45

28

20

20

45
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<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 8

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggtce cctgagactce
tcctgtgeag cctetggatt cacctttage agetatgeca tgagetgggt ccgecagget
ccagggcagyg ggctggagtg ggtctcaggt attagtgeta ctggtggtaa cacatactac
ccagactceg tgaagggecg attcaccate tccagagaca attccaagaa cacgcetgtac
ctgcaaatga acagectgag agccgaggac acggecgtat attactgtge gagaccatta
caatttttga cctggttega ccectgggge cagggaacce tggtcaccegt ctectcea
<210> SEQ ID NO 9

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 9

gaaattgtgt tgacacagtc tccggccacce ctgtetttgt cteccagggga aagagecacc
ctctectgea gggccagtca gagtgttaac aacttcttag cetggtacca acagaaacct
ggccagecte ccaggctect catctatgat gcaaccaaca gggccactgg catcccagec
aggttcagtyg gcagtgggte tgggacagac ttcactcteca ccatcagecag cctagagect
gaagattttg cagtttatca ctgtcagcac cgtagcaact ggccctegat caccttegge
caagggacac gactggagat taaa

<210> SEQ ID NO 10

<211> LENGTH: 384

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 10

cagctgcage tgcaggagte gggeccagga ctggtgaage ctteggagac cctgaaccte
tcctgecactyg tectetggtga ctecatcaac aatactaatt actactggge ctggatccege
cagcccccag ggaagggget ggagtacatt gggagtatet attatagtgg gagcacctac
tacaaccegt ccctcaagag ccgagtcace atgtecgtag acgegtccaa gaaccagtte
tcectgagge tgagetetgt gaccgecgea gacacggetg tgtattactg tgcgacacac
cccacactgg gggettttgt attactgtgg tteggggcaa actttgacca ctggggecag
ggaaccctgg tcaccgtete ctca

<210> SEQ ID NO 11

<211> LENGTH: 333

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 11

caggctgtgg tgacgcagece gecctceagtg tetggggece caggccagag ggtcaccate

tcctgcactyg ggagcagete caacateggg gcaaattatg atgtacactg gtaccagcag

cttccaggga cagcccccaa actcectecatg tatagtaaca ctaateggece ctcaggggte

60

120

180

240

300

357

60

120

180

240

300

324

60

120

180

240

300

360

384

60

120

180
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-continued

64

cctgaccgat tctetggete caagtetgge acttecagect cectggecat cactgggete

caggctgagg atgaggctga ttattactge cagtectatg acaacagect gaacagttgg

gtgttceggeg gagggaccca gctgaccegte cta

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 12

LENGTH: 375

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 12

cagctgcage tgcaggagte gggeccagga ctggtgaage ctteggagac

acctgcactyg tgtctggtgg ctecatcage agtagtagtt actactgggg

cagcccccag ggaagggget ggagtggatt gggagtgtet attatagtgg

tacaacccgt ccctgaagag tcgagecace atatcegtag acacgtccaa

tcectgaace tggactetgt gagegecgea gacacggcta tatattactg

tatggttcag ggacctttta ctactacttce tacatggacg tctggggcaa

gtcaccgtet cctcea

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 13

LENGTH: 321

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 13

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga

atcacttgce aggcgagtca ggtcattage aactatttaa attggtatca

gggaaagcce ctaagctcct gatctacgac acatccaatt tgaaaacagg

aggttcagtg gaagtggatc tgggacagat tttactttca ccatcagcag

gaagatattg caacatatta ttgtcaacaa tatgaaaatc tccagttcac

gggaccaagg tggatatcaa a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 14

LENGTH: 372

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 14

caggtccage ttgtgecagte tggggetgag gtgaagaage ctggggecte

tcctgcaagg cttetggaca caccttecact acctatgeta tccattgggt

cceggacaag ggcttgagtg gatgggatgg atcaaccctg acaatgataa

tcacagaagt tccagggcag agtcaccatt accagggaca catccgcegag

atggagctga gcagectgat atctgaggac acggetgtgt tttactgtge

tacacttttt ggagtggtta ttatagtggt ctggactact ggggccaggg

accgtetect ca

<210>

SEQ ID NO 15

cctgteccte

ctggatcege

gggegectee

gaaccagtte

tgcgagtatt

agggtccacyg

cagagtcacc

acagaaacca

ggtcccatca

cctgcagect

ttteggeect

agtgaaggtc

gegecaggece

cacagaatat

cacagcctac

gagegettet

aaccctggte

240

300

333

60

120

180

240

300

360

375

60

120

180

240

300

321

60

120

180

240

300

360

372
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<211> LENGTH: 327

<212> TYPE:

DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 15

gaaattgtgt

ctctectgea

cctggecagy

gacaggttca

cctgaagatt

ggccctggga

tgacgcagte

gggccagtca

ctceccagget

gtggcagtgg

ttgcagtgta

ccaaggtgga

<210> SEQ ID NO 16
<211> LENGTH: 378

<212> TYPE:

DNA

tccaggeace

gagtgttage

cctcatctat

gtctgggaca

ttactgtcag

tatcaaa

ctgtetttgt
atcaactact
ggtgcatcca
gacttcacte

cagtatggta

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 16

caggttcage
tcctgcaagy
cctggacaag
gctcagagee
atggagctga
cccattacga

ctggtcacceyg

tggtgcagtce
cttctggtta
ggcttgagtyg
ttcagggcag
ggagcctgak
tttttggagt

tctectea

<210> SEQ ID NO 17
<211> LENGTH: 321

<212> TYPE:

DNA

tggagctgag
tacctttage
gatgggatgg
agtcaccatg
atctgacgac

gattattett

gtgaagaagc

aactatggta

gtcaacactt

accacagaca

acggcegtgt

ggggagccaa

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 17

gaaatagtga

ctctectgea

ggccaggete

aggttcagtg

gaagattttyg

gggaccaagg

tgacgcagte

gggccagtca

ccaggetect

gcagtgggtc

aagtttatta

tggatatcaa

<210> SEQ ID NO 18
<211> LENGTH: 360

<212> TYPE:

DNA

tccagecace

gagtgttaac

catctatggt

tgggacagag

ctgtcageag

a

ctgtetgtgt
agcaacttag
gcatccacca
ttcactctca

tataataact

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 18

Synthetic oligonucleotide

ctccagggga

tagcctggta

gcagggccac

tcaccatcag

gctcacctee

Synthetic oligonucleotide

ctggggecte

tcagctgggt

ataatggtaa

catccacgag

acttttgtge

caacctgggy

Synthetic oligonucleotide

ctccagggga

cctggtacca

gggccactgg

ccatcagcag

ggceceggac

Synthetic oligonucleotide

aagagccacce

ccagcagaaa

tggcatccca

cagactggag

gtggacttte

agtgaaggtc
gegacaggece
cacatactat
cacagcctac
gagagatcac

ccagggaace

aagagccacce
gcagaaacct
tatcccagee
cctgcagtet

gtteggcecaa

caggtgcage tgcaggagte gggeccagga ctggtgaage ctteggagac cctgtcccte

acctgcactyg tctectggtga ctecatcaat aattattact ggagetggat ccggcagecce

60

120

180

240

300

327

60

120

180

240

300

360

378

60

120

180

240

300

321

60

120
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67

-continued

68

ccagggaagg gactggagtg gattgggtat atctattaca gtaataccaa

tcecctcaaaa gtcegagtcac catatcagta gacacgtcca agaaccagtt

ctgagetetyg tgaccgetge ggacacggece gtgtattact gtgegagatce

tggttegggyg agttetttte ctegectgat cactttgact tttggggeca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 19

LENGTH: 330

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 19

cagtctgece tgactcagece tgecteegtg tetgggtete ctggacagte

tcctgecactyg gaaccagecag tgatgttggg agttatgace ttgtctectg

cacccaggca aagcccccaa actcatgett tatgagggea ctaageggec

tctaatcget tctetggete caagtetgge aacacggect ccectgacaat

caggctgagg acgaggctga ttattactge tgctcatatg caggtggtag

ttcggeggag ggacccaggt gaccgtecta

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 20

LENGTH: 351

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 20

caggtgcage tgcaggagte gggeccagga ctggtgaage ctteggagac

acctgcactyg tctetggtga ctecataagt agatactact ggagttggat

ccagggaagg gactggagtg gattgggtat ctctattaca gtgggagtac

ccctecctca agagtegagt caccatttca gtagacacgt ccaagaacca

aatctgacct ctgtgacege tgeggacacg gecgtgtatt actgtgegag

cggggtatag gagtggtgte geactggtte gaccectggg gecagggaac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 21

LENGTH: 327

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 21

tcctatgtge tgactcagece acccteggtg tcagtggece caggacagac

acctgtgggyg gatccaacat gggatataaa agtgtgcagt ggtaccagca

caggccectyg tgetggtegt ctatgatgat accgaccgge cctcagggat

ttctetgget ccaactetgg ggecacggece accctgacca tcagcagtgt

gatgaggceg actattactg tcaggtgtgg gatagtagta gegatcatca

ggcggaggga cccaggtgac cgtcecta

<210>
<211>
<212>

SEQ ID NO 22
LENGTH: 369
TYPE: DNA

ctacaaccce

ctcectgagy

tccattattt

gggaaccetyg

gatcaccatc
gtaccaacag
ctcaggggtt
ctectgggete

cactttggta

cctgteccte

ceggcagece

cgactacaac

gttctecetyg

aggatcctee

C

ggccagaatce

gaggccagge

ccctgagega

cgaagccggg

tgtggtatte

180

240

300

360

60

120

180

240

300

330

60

120

180

240

300

351

60

120

180

240

300

327
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-continued

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 22

caggtgcage

tcctgeactyg

ccagggaagg

ccctecectea

aggctgaget

acggtgggtt

ctectectyge

tgcaggagtc
tctetggtygyg
gactggagtg
agagtcgagt
ctgtgacege

ttttegecta

<210> SEQ ID NO 23
<211> LENGTH: 295

<212> TYPE:

DNA

gggeccagga
ctccatcagt
gattgggtat
caccatttca
cgcagacacg

ctactacttg

ctggtgaage
ggttactact
atctatcaca
gtagacacgt
gccatgtatt

gatgtctggg

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 23

gacatccaga
atcacttgee
ggcaaagcce
aggttcagtg

gaagatgttyg

tgacccagte

aggcgagtca

ctaagctect

gagctggatce

caacatatta

<210> SEQ ID NO 24
<211> LENGTH: 378

<212> TYPE:

DNA

tccatcectcec

cgacattage

gatctacgat

tgggacagat

ctgtcaagta

ctgtctgeat
aactatttaa
gcatccaatt
tttactttca

tatgataatc

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 24

cagctgeage
acctgcactyg
cagcccccag
tacaacccgt
tcectgaagy
cggatagtat

ctggtcacceyg

tgcaggagtc
tctectggtgt
ggaagggcct
ccctcaagag
tgagctetgt
caggatttgt

tctectea

<210> SEQ ID NO 25
<211> LENGTH: 336

<212> TYPE:

DNA

gggcccagga
ctccatcage
ggagtggatt
tcgagtcagc
gaccgccgceca

ggagtggcta

ctggtgaage

gataatagtt

gggactatct

atatccggag

gacacggcetyg

tcaaaatttg

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 25

Synthetic oligonucleotide

ctteggagac

ggagctggat

gtgggagtcc

ccaagaacca

actgtgcgag

gcagagggac

Synthetic oligonucleotide

ctgtagggga

attggtatca

tggaaacggg

ccatcagcag

tcctettecac

Synthetic oligonucleotide

ctteggagac

attactgggyg

cttatagtgg

acacgtccaa

tctattactg

actactgggyg

Synthetic oligonucleotide

cctgteccte

ceggcagece

caactacaac

gttctecetyg

aactgcttat

caccctgtec

cagagtcacc
gcaaaaacca
ggtcccatca
cctgcagect

ttcgyg

cctgteccte

ctggatcege

gaacacctac

gcaccagcete

tgcgagacag

ccaggggace

cagtctgtge tgacgcagece gecctcagtg tetggggece cagggcagag ggtcaccatce

tcctgecactyg ggagcagete caacateggg gcaggttttg atgtacactg gtaccagcaa

cttccaggaa cagcccccaa actcectcate tatgataaca acaateggece ctcaggggte

60

120

180

240

300

360

369

60

120

180

240

295

60

120

180

240

300

360

378

60

120

180
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71

-continued

72

cctgaccgat tcetetggete caagtetgge acctecagect cectggecat cactgggete

caggctgagg atgaggctga ttattactge cagtectatg acaccagect gagtggtccce

gtggtgtteyg gecggagggac caagctgacc gtecta

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 26

LENGTH: 360

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 26

caggtgcage tgcaggagte gggeccagga ctggtgaage cttcacagac

tcctgecactyg tetetggtgg ctecatcage agtgatagtt actactggaa

cagcacccag ggaagggect ggagtggatt gggtacgtet attatagtgg

tacaacccgt ccctcaagag tcgagttate atatcactag acacgtctaa

tcectgaage tgaactetgt gactgeegeg gacacggecg tgtattactg

gattattatg gttcagggag tttcttctac tactaccaca tggacgtcetg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 27

LENGTH: 297

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 27

gacatccaga tgacccagtce tecttecace ctgtetgeat ctgtaggaga

atcacttgece gggccagtca gagtatttat acctggttgg cctggtatca

gggaaagcce ctaagctcct gatccataag tcgtctagtt tagaaagtgg

aggttcageg gcagtggate tgggacagaa ttcactctca ccatcagcag

gatgattttyg cgacttatta ctgccaccag tattatgttt ateccttgeac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 28

LENGTH: 381

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 28

cagctgcage tgcaggagte gggeccagga ctggtgaage ctteggagac

agttgcgetyg tctetggtgg ctecategece ggtagecacte actactgggg

cagcccccag ggaagggget ggagtggatt gggagtatcet ctgaaagtgg

cacaatcegt ccctcaagag tcgagtcace atatcegtgg acacgtccaa

tcectgaact tgagetetgt gaccgecgea gacacggetg tgtattactg

gtgggtcaat ctggtacctt tatctactac tattacgcca tggacgtctg

accctggtca cegtetecte a

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 29

LENGTH: 309

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

cctgteccte

ctggatcege

gagcaccaac

gaaccagtte

tgcgagagece

dggcaaaggg

cagagtcacc
gcagaaacca
ggtcccttca

cctgcagect

gteggece

tetgtttete

ctggatcege

gagcacctac

aaattacttce

tgcgagaata

dggcacaggg

240

300

336

60

120

180

240

300

360

60

120

180

240

297

60

120

180

240

300

360

381



US 11,084,869 B2

73

-continued

<223>

<400>

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 29

gacatccagt tgacccagtce tccatcctte ctgtetgeat ctgtaggaga

atcacttgece gggccagtca gggcattagt agttatttag cctggtatca

gggaaagcce ctaagctcct gatctatget gectecactt tgecaacgtgg

aggttcageg gcagtggate tgggacagag ttcactctca caatcagcag

gaagactctg caacttatta ctgtcaacag cttaatagtt atctegeget

dgagggacc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 30

LENGTH: 351

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 30

caggtgcage tgcaggagte gggeccagga ctggtgaage ctteggagac

acctgcagtyg tctetggtga ctecgtecage agtggtgatt actattggag

cagceccceg ggaagggact ggagtggatt ggctatatcet attacagtgg

tacaacccct ccctcaagag tcgagtcace atttcactag acacgtccaa

tcectgaaac tgacctetgt gaccgetgeg gacacggecg tctattactg

cgggegggat ttttggagtg gttatttttt gaagattggg gccagggaac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 31

LENGTH: 309

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 31

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtaggaga

attttttgce gggcaagtca gagcattgge acctatttaa gttggtatca

gggaaagcce ctaaggtctt gatctatget acatccaatt tgcaaagtgg

aggttcagtg gcagtggatce tgggacagaa ttcactctca ccatcagcag

gaagattttg caacatacta ctgtcaacaa agtaggacat tcggccaagg

gatatgaaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 32

LENGTH: 360

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 32

cagctgcage tgcaggagte gggeccagga ctggtgaage ctteggagac

acctgcactyg tcgetggtgg ccccatcace agtaataatt actactgggg

cagtccccag ggaaggggcet ggagtggatt gggagtgttt attatagtgg

tataatccgt ccatcaagac tcgagtcacce atgtcegtgg acacgtcgaa

tcecctaaaac tgaactcegt gaccgecgca gacacggetg tctattactg

cagagtcacc
gcaaaaacca
ggtcccatca
cctgcagect

cattttecgge

cctgteccte

ctggeteegy

ggccaccaac

gaaccagtte

tgcgagagaa

C

cagagtcacc

acagaaacca

ggtcccatca

tctgcaacct

gaccaaggtg

cctgteccte

ctggatcegt

gaacacctac

gagccagtte

tgcgagacag

60

120

180

240

300

309

60

120

180

240

300

351

60

120

180

240

300

309

60

120

180

240

300
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75

-continued

76

tttaggcttt tacaatttgt ggagtggeta caccactttg actectgggg cccagggaac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 33

LENGTH: 327

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 33

tcctatgtge tgactcagece acccteggtg tcagtggece caggacagac

cectgtgggyg gcaatgatat tgcgaataaa cgtgtgcact ggtaccagca

caggccecta tgectggtegt ctatgatgat ggegaccgge cctcagggat

ttctetgget ccaactetgg gaacacggece accctgacca tcagecgggt

gatgaggceg actattactg tcaggtgtgg gaaaatagta gtgatctttg

ggcggaggga ccaagctgac cgtcecta

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 34

LENGTH: 372

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 34

gaggtgcagc tggtggagtc tgggggaggce ttggtaaagc caggggggtce

tcctgtgtaa cttetggatt cacctttggt gattatgeta tgagttggtt

ccagggaagg ggctggagtg ggtaggttte attagaaaca aaggttatgg

gattacgceg cgtctgtgaa aggcagattce accatctcaa gagatgattce

gectatcetge aaatgaacag cctgaaaacc gaggacacag ccgtttatta

gtccgattge attacgattt ctggagtggt tatgatgatg attcttttea

caagggacaa tg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 35

LENGTH: 315

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 35

gatggtgtga tgactcagtc tccactctee ctgcccgtea ccectggaca

atctcctgeca ggtctactca aagectegta cacggagatg gagacaccta

tttcagcaga ggccaggcca atctccaagg cgectaattt ataaggttte

tctggggtee cagacagatt cageggcagt gggtcaggea ctgatttcac

agcagggtgg aggctgagga tgttggggtt tattactgca tgcaaagtac

ccgacttttyg gecag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 36

LENGTH: 378

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

ggccaggatt

gaagccagge

ccctgagega

cgaagccggg

tgtggtatte

cctgagaatce

cegecagget

tgggacaata

caagagtatc

ctgtaccgga

tatatggggce

geeggectece

cttatattgg

taatcgggac

actgaaaatc

acactggect

360

60

120

180

240

300

327

60

120

180

240

300

360

372

60

120

180

240

300

315
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77

-continued

<400>

SEQUENCE: 36

cagctgcage tgcaggagte gggeccagga ctggtgaage ctteggagac

acctgegetyg tgtcaggtgg ctecatcage agtagtggtt actgetgggg

cagcccccag ggaaggggcet ggagtggate gegagtatcet getctagtgg

ttcaattcegt ccctcaagag tcgagtetece atatccatag acacgtccag

ttactgaacc tgcgetctet gaccgecgea gacacggetg tctactattg

agaatggagt tacatttttt ggagtggttg tttecttttyg actcctgggg

ctggtcacceyg tctectea

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 37

LENGTH: 321

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 37

gacatagtga tgacgcagtc tccagccacce ctgtetgtgt ctecaggaga

ctctectgea gggccagtca gagtgttage agcaacttag cctggtacca

ggccaggete ccaggctect catctetggt geatccacta gggecactgg

agattcagtg gcagtgggte tgggacagag ttcactctca ccatcagcag

gaagattttg cagtttatta ctgtcagcag tatattaact ggeccgtgcag

gggaccaagg tggatatcaa a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 38

LENGTH: 372

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 38

gaggtgcagc tggtggagtc tgggggaggce ttggtccage ctggggggte

tcctgtgecag cctetggatt cacctttagt agttattgga tgaactgggt

ccagggaagg ggctggagtyg ggtggecaac gtaaaggaag atggaagtaa

gtggactctyg tgaaggggceg attcaccate tccagagaca acgccaagaa

ctgcaaatga acagcctgag agtcgaggac acggcetctet attactgtgt

gattgtagtyg gtggaaggtg ctccteccta tttttteege agecactactt

ggcccaggga ac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 39

LENGTH: 321

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 39

gacatccaga tgacccagtce tccatcttee gtgtetgeat ctgtaggaga

atcacttgte gggcgagtca gggtattcte aactggttag cctggtatca

gggaaagcce ctaaactcct gatctatget geatccagtg tacaaagtgg

aggttcageg gcagtggate tggcacagat ttcaccctca ccattagcag

cctgteccte

ctggatcege

gaccacctac

gecccagtte

tgcgagacaa

ccagggaace

gagagccace
gcagaaacct
tatcccagee
cctgcagtet

ttttggccag

cctgagacte

cegecagget

gaagtactat

ctetetgtat

dagaggagag

tgactactgyg

cagagtcacc

gcagaaacca

ggtcccatca

cctgcagect

60

120

180

240

300

360

378

60

120

180

240

300

321

60

120

180

240

300

360

372

60

120

180

240
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79

-continued

80

gacgattttyg caacttacta ttgtcagcaa actaacagtt tccctcetcac tttegecgga

gggaccaagg tggagatcaa a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 40

LENGTH: 369

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 40

caggtgcage tgcaggagte gggecccgga ctggtgaage ctteggagac

acctgcactyg tctetggtge ctecatcagt ggtaacttet ggagetggat

ccagggaagg gactggaata tattggttat atgtctgaca ttgggaccac

ccctecctca agagtegagt caccatttca gtagacacgt ccaagaacca

aatctgacct ctgtgacege tgeggacgeg gecgtgtatt actgtgegag

gtgcctggtt tcttctatca ctactacatg gacgtcetggg gwgaggggac

gtctectea

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 41

LENGTH: 321

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 41

gacatygtga tgacccagtc tccatcttee gtgtetgeat ctgtaggaga

atcacttgte gggcgagtca gggtattagt ggetggttgg cctggtatca

gggaaagcce ctaagctcct gatctatget acatccactt tgcaaagtgg

aggttcageg gcagtgaatce tgggacaget ttcactctca ccatcagcag

gaagattttg caacttacta ttgtcaacag gctaacagtt tcectctcac

gggaccaagg tggagatcaa a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 42

LENGTH: 375

TYPE: DNA

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 42

caggtgcage tggtggagtc tgggggaggc gtggtccage ctggggggte

tcctgtgecag cegetggatt cacctttagt agaagtggea tgcactgggt

ccaggcaagg ggctggagtg ggtggcagte atttcatatg acggaaatac

gecagactcca tggagggcceg agtcaccgte tccagagaca actccaacaa

ctgcaaatga acagcctgag agegggggac acggetgtgt attattgtge

catactacag ggagtaatta taatggegga ctcttggace actggggceca

gtcaccgtet cctcea

<210>
<211>
<212>

SEQ ID NO 43
LENGTH: 339
TYPE: DNA

cctgteccte

ceggcagece

caactacagce

gttctecetyg

acttgtagca

cctggteace

cagagtcacc
gcagaaacca
ggtccegtca
cctgcagect

ttteggcegga

cctgaggatce

cegecagget

tgaacactat

cacgctgtac

gaaagatcga

gggaaccetyg

300

321

60

120

180

240

300

360

369

60

120

180

240

300

321

60

120

180

240

300

360

375
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-contin

ued

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 43

gaaaccgtga
atcaactgca
tggtaccage
gaatccgggyg
atcagcagcec
cecgetgactt
<210> SEQ I

<211> LENGT.
<212> TYPE:

tgacccagte

agtccageca

agaagccagg

tcectgaceyg

tgcaggctga

tcggecaagy
D NO 44

H: 119
PRT

tccagactee

gagtgtttta

acagcctect

cttcagtgge

agatgtggca

gacacgactyg

ctggetgtgt

cacagcteca

aagttgctca

agcgggtctg

ctttattact

gagattaaa

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 44

Glu Val Gln
1

Ser Leu Arg
Ala Met Ser
35

Ser Gly Ile
50

Lys Gly Arg
65

Leu Gln Met

Ala Arg Pro

Thr Leu Val
115

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Leu Glu Ser Gly

5

Leu Ser Cys Ala Ala

20

Trp Val Arg Gln Ala

Ser Ala Thr Gly Gly

55

Phe Thr Ile Ser Arg

70

Asn Ser Leu Arg Ala

85

Leu Gln Phe Leu Thr

100

Thr Val Ser Ser

D NO 45
H: 108
PRT

Gly

Ser

25

Pro

Asn

Asp

Glu

Trp
105

<213> ORGANISM: Artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 45

Glu Ile Val
1

Glu Arg Ala
Leu Ala Trp
35

Tyr Asp Ala
50

Ser Gly Ser
65

Glu Asp Phe

Leu Thr Gln Ser Pro

Thr Leu Ser Cys Arg

20

Tyr Gln Gln Lys Pro

40

Thr Asn Arg Ala Thr

55

Gly Thr Asp Phe Thr

70

Ala Val Tyr His Cys

85

Ala

Ala

25

Gly

Gly

Leu

Gln

Gly

10

Gly

Gly

Thr

Asn

Asp

90

Phe

Thr

10

Ser

Gln

Ile

Thr

His
90

Leu

Phe

Gln

Tyr

Ser

75

Thr

Asp

Leu

Gln

Pro

Pro

Ile

75

Arg

Synthetic oligonucleotide

ctctgggega
agaatagaaa
tttactggge
ggacagattt

gtcagcaata

Synthetic polypeptide

Val Gln Pro
Thr Phe Ser
30

Gly Leu Glu
45

Tyr Pro Asp
60

Lys Asn Thr

Ala Val Tyr

Pro Trp Gly
110

Synthetic polypeptide

Ser Leu Ser

Ser Val Asn
30

Pro Arg Leu
45

Ala Arg Phe
60

Ser Ser Leu

Ser Asn Trp

gagggccace
ctacttgget
atctaccegyg
cactctcace

ttatactagt

Gly Gly
15

Ser Tyr

Trp Val

Ser Val

Leu Tyr
80

Tyr Cys
95

Gln Gly

Pro Gly
15

Asn Phe

Leu Ile

Ser Gly

Glu Pro

80

Pro Ser
95

60

120

180

240

300

339
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-continued

84

Ile Thr Phe Gly Gln Gly Thr Arg Leu Glu Ile Lys
100 105

<210> SEQ ID NO 46

<211> LENGTH: 128

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 46

Gln Leu Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Asp Ser Ile Asn Asn Thr
20 25 30

Asn Tyr Tyr Trp Ala Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu
35 40 45

Tyr Ile Gly Ser Ile Tyr Tyr Ser Gly Ser Thr Tyr Tyr Asn Pro Ser

Leu Lys Ser Arg Val Thr Met Ser Val Asp Ala Ser Lys Asn Gln Phe
65 70 75 80

Ser Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr
85 90 95

Cys Ala Thr His Pro Thr Leu Gly Ala Phe Val Leu Leu Trp Phe Gly
100 105 110

Ala Asn Phe Asp His Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
115 120 125

<210> SEQ ID NO 47

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 47

Gln Ala Val Val Thr Gln Pro Pro Ser Val Ser Gly Ala Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Thr Gly Ser Ser Ser Asn Ile Gly Ala Asn
20 25 30

Tyr Asp Val His Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu
35 40 45

Leu Met Tyr Ser Asn Thr Asn Arg Pro Ser Gly Val Pro Asp Arg Phe
50 55 60

Ser Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Thr Gly Leu
65 70 75 80

Gln Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Gln Ser Tyr Asp Asn Ser
85 90 95

Leu Asn Ser Trp Val Phe Gly Gly Gly Thr Gln Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 48

<211> LENGTH: 125

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 48



US 11,084,869 B2
85

-continued

Gln Leu Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Gly Ser Ile Ser Ser Ser
20 25 30

Ser Tyr Tyr Trp Gly Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu
35 40 45

Trp Ile Gly Ser Val Tyr Tyr Ser Gly Gly Ala Ser Tyr Asn Pro Ser
50 55 60

Leu Lys Ser Arg Ala Thr Ile Ser Val Asp Thr Ser Lys Asn Gln Phe
65 70 75 80

Ser Leu Asn Leu Asp Ser Val Ser Ala Ala Asp Thr Ala Ile Tyr Tyr
85 90 95

Cys Ala Ser Ile Tyr Gly Ser Gly Thr Phe Tyr Tyr Tyr Phe Tyr Met
100 105 110

Asp Val Trp Gly Lys Gly Ser Thr Val Thr Val Ser Ser
115 120 125

<210> SEQ ID NO 49

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 49

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Gln Ala Ser Gln Val Ile Ser Asn Tyr
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Asp Thr Ser Asn Leu Lys Thr Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu Gln Pro

Glu Asp Ile Ala Thr Tyr Tyr Cys Gln Gln Tyr Glu Asn Leu Gln Phe
85 90 95

Thr Phe Gly Pro Gly Thr Lys Val Asp Ile Lys
100 105

<210> SEQ ID NO 50

<211> LENGTH: 124

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 50

Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly His Thr Phe Thr Thr Tyr
20 25 30

Ala Ile His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45

Gly Trp Ile Asn Pro Asp Asn Asp Asn Thr Glu Tyr Ser Gln Lys Phe
50 55 60

Gln Gly Arg Val Thr Ile Thr Arg Asp Thr Ser Ala Ser Thr Ala Tyr
65 70 75 80
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-continued

88

Met

Ala

Tyr

Glu Leu Ser Ser Leu Ile Ser Glu
85

Ser Ala Ser Tyr Thr Phe Trp Ser
100 105

Trp Gly Gln Gly Thr Leu Val Thr
115 120

<210> SEQ ID NO 51

<211> LENGTH: 109

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 51

Glu
1
Glu
Tyr
Ile
Gly
65

Pro

Pro

Ile Val Leu Thr Gln Ser Pro Gly

Arg Ala Thr Leu Ser Cys Arg Ala

20 25

Leu Ala Trp Tyr Gln Gln Lys Pro
35 40

Tyr Gly Ala Ser Ser Arg Ala Thr
50 55

Ser Gly Ser Gly Thr Asp Phe Thr
70

Glu Asp Phe Ala Val Tyr Tyr Cys
85

Trp Thr Phe Gly Pro Gly Thr Lys
100 105

<210> SEQ ID NO 52

<211> LENGTH: 126

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (87)..(87)

<223> OTHER INFORMATION: Xaa can be

<400> SEQUENCE: 52

Gln

1

Ser

Gly

Gly

Gln
65
Met

Ala

Pro

Val Gln Leu Val Gln Ser Gly Ala

Val Lys Val Ser Cys Lys Ala Ser

Ile Ser Trp Val Arg Gln Ala Pro
35 40

Trp Val Asn Thr Tyr Asn Gly Asn
50 55

Gly Arg Val Thr Met Thr Thr Asp
70

Glu Leu Arg Ser Leu Xaa Ser Asp
85

Arg Asp His Pro Ile Thr Ile Phe

100 105

Thr Thr Trp Gly Gln Gly Thr Leu
115 120

Asp Thr Ala Val Phe Tyr Cys

90

95

Gly Tyr Tyr Ser Gly Leu Asp

Val Ser Ser

Thr

10

Ser

Gly

Gly

Leu

Gln

90

Val

any

Glu

10

Gly

Gly

Thr

Thr

Asp
90

Gly

Val

Leu

Gln

Gln

Ile

Thr

75

Gln

Asp

Ser

Ser

Ala

Pro

60

Ile

Tyr

Ile

Leu

Val

Pro

45

Asp

Ser

Gly

Lys

110

Ser

Ser

30

Arg

Arg

Arg

Ser

Pro

15

Ile

Leu

Phe

Leu

Ser
95

naturally occurring

Val

Tyr

Gln

Tyr

Ser

75

Thr

Val

Thr

Lys

Thr

Gly

Tyr

60

Thr

Ala

Ile

Val

Lys

Phe

Leu

45

Ala

Ser

Val

Ile

Ser
125

Pro
Ser
30

Glu

Gln

Thr

Tyr

Leu

110

Ser

Gly

15

Asn

Trp

Ser

Ala

Phe
95

Gly

Gly

Asn

Leu

Ser

Glu

80

Pro

amino acid

Ala

Tyr

Met

Leu

Tyr

80

Cys

Glu
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-continued

90

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 53

LENGTH: 107

TYPE: PRT

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic polypeptide

SEQUENCE: 53

Glu Ile Val Met Thr Gln Ser Pro Ala Thr Leu Ser Val Ser Pro Gly

1

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Asn Ser Asn

20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile

35 40 45

Tyr Gly Ala Ser Thr Arg Ala Thr Gly Ile Pro Ala Arg Phe Ser Gly

50

55 60

Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr Ile Ser Ser Leu Gln Ser

65

70 75 80

Glu Asp Phe Glu Val Tyr Tyr Cys Gln Gln Tyr Asn Asn Trp Pro Arg

85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Asp Ile Lys

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100 105

SEQ ID NO 54

LENGTH: 120

TYPE: PRT

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic polypeptide

SEQUENCE: 54

Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Asp Ser Ile Asn Asn Tyr

20 25 30

Tyr Trp Ser Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Ile

35 40 45

Gly Tyr Ile Tyr Tyr Ser Asn Thr Asn Tyr Asn Pro Ser Leu Lys Ser

50

55 60

Arg Val Thr Ile Ser Val Asp Thr Ser Lys Asn Gln Phe Ser Leu Arg

65

70 75 80

Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg

85 90 95

Ser Pro Leu Phe Trp Phe Gly Glu Phe Phe Ser Ser Pro Asp His Phe

100 105 110

Asp Phe Trp Gly Gln Gly Thr Leu

<210>
<211>
<212>
<213>
<220>
<223>

<400>

115 120

SEQ ID NO 55

LENGTH: 110

TYPE: PRT

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic polypeptide

SEQUENCE: 55

Gln Ser Ala Leu Thr Gln Pro Ala Ser Val Ser Gly Ser Pro Gly Gln

1

5 10 15

Ser Ile Thr Ile Ser Cys Thr Gly Thr Ser Ser Asp Val Gly Ser Tyr
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-continued

20 25 30

Asp Leu Val Ser Trp Tyr Gln Gln His Pro Gly Lys Ala Pro Lys Leu
35 40 45

Met Leu Tyr Glu Gly Thr Lys Arg Pro Ser Gly Val Ser Asn Arg Phe
50 55 60

Ser Gly Ser Lys Ser Gly Asn Thr Ala Ser Leu Thr Ile Ser Gly Leu
65 70 75 80

Gln Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Cys Ser Tyr Ala Gly Gly
85 90 95

Ser Thr Leu Val Phe Gly Gly Gly Thr Gln Val Thr Val Leu
100 105 110

<210> SEQ ID NO 56

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 56

Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Asp Ser Ile Ser Arg Tyr
20 25 30

Tyr Trp Ser Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Ile
35 40 45

Gly Tyr Leu Tyr Tyr Ser Gly Ser Thr Asp Tyr Asn Pro Ser Leu Lys
50 55 60

Ser Arg Val Thr Ile Ser Val Asp Thr Ser Lys Asn Gln Phe Ser Leu
65 70 75 80

Asn Leu Thr Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala
85 90 95

Arg Gly Ser Ser Arg Gly Ile Gly Val Val Ser His Trp Phe Asp Pro
100 105 110

Trp Gly Gln Gly Thr
115

<210> SEQ ID NO 57

<211> LENGTH: 109

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 57

Ser Tyr Val Leu Thr Gln Pro Pro Ser Val Ser Val Ala Pro Gly Gln
1 5 10 15

Thr Ala Arg Ile Thr Cys Gly Gly Ser Asn Met Gly Tyr Lys Ser Val
20 25 30

Gln Trp Tyr Gln Gln Arg Pro Gly Gln Ala Pro Val Leu Val Val Tyr
35 40 45

Asp Asp Thr Asp Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
50 55 60

Asn Ser Gly Ala Thr Ala Thr Leu Thr Ile Ser Ser Val Glu Ala Gly
65 70 75 80

Asp Glu Ala Asp Tyr Tyr Cys Gln Val Trp Asp Ser Ser Ser Asp His
85 90 95
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-continued

94

His Val Val Phe Gly Gly Gly Thr Gln Val Thr Val Leu

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100 105

SEQ ID NO 58

LENGTH: 123

TYPE: PRT

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic polypeptide

SEQUENCE: 58

Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1

Thr Leu Ser Leu Ser Cys Thr Val Ser Gly Gly Ser Ile Ser Gly Tyr

20 25 30

Tyr Trp Ser Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Ile

35 40 45

Gly Tyr Ile Tyr His Ser Gly Ser Pro Asn Tyr Asn Pro Ser Leu Lys

50

55 60

Ser Arg Val Thr Ile Ser Val Asp Thr Ser Lys Asn Gln Phe Ser Leu

65

70 75 80

Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Met Tyr Tyr Cys Ala

85 90 95

Arg Thr Ala Tyr Thr Val Gly Phe Phe Ala Tyr Tyr Tyr Leu Asp Val

100 105 110

Trp Gly Arg Gly Thr Thr Leu Ser Leu Ser Cys

<210>
<211>
<212>
<213>
<220>
<223>

<400>

115 120

SEQ ID NO 59

LENGTH: 98

TYPE: PRT

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic polypeptide

SEQUENCE: 59

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1

Asp Arg Val Thr Ile Thr Cys Gln Ala Ser His Asp Ile Ser Asn Tyr

20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile

35 40 45

Tyr Asp Ala Ser Asn Leu Glu Thr Gly Val Pro Ser Arg Phe Ser Gly

50

55 60

Ala Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu Gln Pro

65

Glu Asp Val Ala Thr Tyr Tyr Cys Gln Val Tyr Asp Asn Leu Leu Phe

85 90 95

Thr Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 60

LENGTH: 126

TYPE: PRT

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic polypeptide

SEQUENCE: 60

Gln Leu Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1

5 10 15
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Thr Leu Ser Leu Ser Cys Thr Val Ser Gly Val Ser Ile Ser Asp Asn
20 25 30

Ser Tyr Tyr Trp Gly Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu
35 40 45

Trp Ile Gly Thr Ile Ser Tyr Ser Gly Asn Thr Tyr Tyr Asn Pro Ser
50 55 60

Leu Lys Ser Arg Val Ser Ile Ser Gly Asp Thr Ser Lys His Gln Leu
65 70 75 80

Ser Leu Lys Val Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr

Cys Ala Arg Gln Arg Ile Val Ser Gly Phe Val Glu Trp Leu Ser Lys
100 105 110

Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
115 120 125

<210> SEQ ID NO 61

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 61

Gln Ser Val Leu Thr Gln Pro Pro Ser Val Ser Gly Ala Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Thr Gly Ser Ser Ser Asn Ile Gly Ala Gly

Phe Asp Val His Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu
35 40 45

Leu Ile Tyr Asp Asn Asn Asn Arg Pro Ser Gly Val Pro Asp Arg Phe
50 55 60

Ser Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Thr Gly Leu
65 70 75 80

Gln Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Gln Ser Tyr Asp Thr Ser
85 90 95

Leu Ser Gly Pro Val Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105 110

<210> SEQ ID NO 62

<211> LENGTH: 120

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 62

Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Gln
1 5 10 15

Thr Leu Ser Leu Ser Cys Thr Val Ser Gly Gly Ser Ile Ser Ser Asp
20 25 30

Ser Tyr Tyr Trp Asn Trp Ile Arg Gln His Pro Gly Lys Gly Leu Glu
35 40 45

Trp Ile Gly Tyr Val Tyr Tyr Ser Gly Ser Thr Asn Tyr Asn Pro Ser
50 55 60

Leu Lys Ser Arg Val Ile Ile Ser Leu Asp Thr Ser Lys Asn Gln Phe
65 70 75 80

Ser Leu Lys Leu Asn Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr
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-continued

85 90 95

Cys Ala Arg Ala Asp Tyr Tyr Gly Ser Gly Ser Phe Phe Tyr Tyr Tyr
100 105 110

His Met Asp Val Trp Gly Lys Gly
115 120

<210> SEQ ID NO 63

<211> LENGTH: 99

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 63

Asp Ile Gln Met Thr Gln Ser Pro Ser Thr Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Tyr Thr Trp
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile

His Lys Ser Ser Ser Leu Glu Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Asp Asp Phe Ala Thr Tyr Tyr Cys His Gln Tyr Tyr Val Tyr Pro Cys
85 90 95

Thr Ser Ala

<210> SEQ ID NO 64

<211> LENGTH: 127

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 64

Gln Leu Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Phe Leu Ser Cys Ala Val Ser Gly Gly Ser Ile Ala Gly Ser
20 25 30

Thr His Tyr Trp Gly Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu
35 40 45

Trp Ile Gly Ser Ile Ser Glu Ser Gly Ser Thr Tyr His Asn Pro Ser

Leu Lys Ser Arg Val Thr Ile Ser Val Asp Thr Ser Lys Asn Tyr Phe
65 70 75 80

Ser Leu Asn Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr
85 90 95

Cys Ala Arg Ile Val Gly Gln Ser Gly Thr Phe Ile Tyr Tyr Tyr Tyr
100 105 110

Ala Met Asp Val Trp Gly Thr Gly Thr Leu Val Thr Val Ser Ser
115 120 125

<210> SEQ ID NO 65

<211> LENGTH: 103

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide
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-continued

<400> SEQUENCE: 65

Asp Ile Gln Leu Thr Gln Ser Pro Ser Phe Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Tyr
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Ala Ala Ser Thr Leu Gln Arg Gly Val Pro Ser Arg Phe Ser Gly

Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Ser Ala Thr Tyr Tyr Cys Gln Gln Leu Asn Ser Tyr Leu Ala
85 90 95

Leu Ile Phe Gly Gly Gly Thr
100

<210> SEQ ID NO 66

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 66

Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Ser Val Ser Gly Asp Ser Val Ser Ser Gly
20 25 30

Asp Tyr Tyr Trp Ser Trp Leu Arg Gln Pro Pro Gly Lys Gly Leu Glu
35 40 45

Trp Ile Gly Tyr Ile Tyr Tyr Ser Gly Ala Thr Asn Tyr Asn Pro Ser
50 55 60

Leu Lys Ser Arg Val Thr Ile Ser Leu Asp Thr Ser Lys Asn Gln Phe
65 70 75 80

Ser Leu Lys Leu Thr Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr
85 90 95

Cys Ala Arg Glu Arg Ala Gly Phe Leu Glu Trp Leu Phe Phe Glu Asp
100 105 110

Trp Gly Gln Gly Thr
115

<210> SEQ ID NO 67

<211> LENGTH: 103

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 67

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Phe Cys Arg Ala Ser Gln Ser Ile Gly Thr Tyr
20 25 30

Leu Ser Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Val Leu Ile
35 40 45

Tyr Ala Thr Ser Asn Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60
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-continued

Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Ser Arg Thr Phe Gly Gln
85 90 95

Gly Thr Lys Val Asp Met Lys
100

<210> SEQ ID NO 68

<211> LENGTH: 120

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 68

Gln Leu Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Thr Val Ala Gly Gly Pro Ile Thr Ser Asn
20 25 30

Asn Tyr Tyr Trp Gly Trp Ile Arg Gln Ser Pro Gly Lys Gly Leu Glu
35 40 45

Trp Ile Gly Ser Val Tyr Tyr Ser Gly Asn Thr Tyr Tyr Asn Pro Ser
50 55 60

Ile Lys Thr Arg Val Thr Met Ser Val Asp Thr Ser Lys Ser Gln Phe
65 70 75 80

Ser Leu Lys Leu Asn Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr
85 90 95

Cys Ala Arg Gln Phe Arg Leu Leu Gln Phe Val Glu Trp Leu His His
100 105 110

Phe Asp Ser Trp Gly Pro Gly Asn
115 120

<210> SEQ ID NO 69

<211> LENGTH: 109

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 69

Ser Tyr Val Leu Thr Gln Pro Pro Ser Val Ser Val Ala Pro Gly Gln
1 5 10 15

Thr Ala Arg Ile Pro Cys Gly Gly Asn Asp Ile Ala Asn Lys Arg Val
His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Met Leu Val Val Tyr
35 40 45

Asp Asp Gly Asp Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
50 55 60

Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Arg Val Glu Ala Gly
65 70 75 80

Asp Glu Ala Asp Tyr Tyr Cys Gln Val Trp Glu Asn Ser Ser Asp Leu
85 90 95

Cys Val Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu
100 105

<210> SEQ ID NO 70
<211> LENGTH: 124
<212> TYPE: PRT



103

US 11,084,869 B2

-continued

104

<213>
<220>
<223>

<400>

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic polypeptide

SEQUENCE: 70

Glu Val Gln Leu Val Glu Ser Gly Gly

1

Ser Leu Arg Ile Ser Cys Val Thr Ser

20 25

Ala Met Ser Trp Phe Arg Gln Ala Pro

35 40

Gly Phe Ile Arg Asn Lys Gly Tyr Gly

50

55

Ser Val Lys Gly Arg Phe Thr Ile Ser

65

70

Ala Tyr Leu Gln Met Asn Ser Leu Lys

85

Tyr Cys Thr Gly Val Arg Leu His Tyr

100 105

Asp Asp Ser Phe His Ile Trp Gly Gln

<210>
<211>
<212>
<213>
<220>
<223>

<400>

115 120

SEQ ID NO 71

LENGTH: 105

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

Gly

10

Gly

Gly

Gly

Arg

Thr

90

Asp

Gly

Leu

Phe

Lys

Thr

Asp

75

Glu

Phe

Thr

Val

Thr

Gly

Ile

60

Asp

Asp

Trp

Met

OTHER INFORMATION: Synthetic polypeptide

SEQUENCE: 71

Asp Gly Val Met Thr Gln Ser Pro Leu

1

5

Gln Pro Ala Ser Ile Ser Cys Arg Ser

20 25

Asp Gly Asp Thr Tyr Leu Tyr Trp Phe

Pro Arg Arg Leu Ile Tyr Lys Val Ser

50

55

Asp Arg Phe Ser Gly Ser Gly Ser Gly

65

70

Ser Arg Val Glu Ala Glu Asp Val Gly

85

Thr His Trp Pro Pro Thr Phe Gly Gln

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100 105

SEQ ID NO 72

LENGTH: 126

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

Ser

10

Thr

Gln

Asn

Thr

Val
90

Leu

Gln

Gln

Arg

Asp

75

Tyr

Pro

Ser

Arg

Asp

60

Phe

Tyr

OTHER INFORMATION: Synthetic polypeptide

SEQUENCE: 72

Lys

Phe

Leu

45

Asp

Ser

Thr

Ser

Val

Leu

Pro

45

Ser

Thr

Cys

Pro

Gly

30

Glu

Tyr

Lys

Ala

Gly
110

Thr

Val

30

Gly

Gly

Leu

Met

Gln Leu Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro

1

5

10

Thr Leu Ser Leu Thr Cys Ala Val Ser Gly Gly Ser Ile Ser

20 25

30

Gly Tyr Cys Trp Gly Trp Ile Arg Gln Pro Pro Gly Lys Gly

35 40

45

Gly Gly
15

Asp Tyr

Trp Val

Ala Ala

Ser Ile
80

Val Tyr
95

Tyr Asp

Pro Gly
15

His Gly

Gln Ser

Val Pro

Lys Ile

80

Gln Ser
95

Ser Glu
15

Ser Ser

Leu Glu



105

US 11,084,869 B2

-continued

106

Trp

Leu

65

Leu

Cys

Phe

Ile Ala Ser Ile Cys Ser Ser Gly

Lys Ser Arg Val Ser Ile Ser Ile
70

Leu Asn Leu Arg Ser Leu Thr Ala
85

Ala Arg Gln Arg Met Glu Leu His

100 105

Asp Ser Trp Gly Gln Gly Thr Leu

115 120

<210> SEQ ID NO 73

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 73

Asp

1

Glu

Leu

Ser

Ser

65

Glu

Ser

Ile Val Met Thr Gln Ser Pro Ala
5

Arg Ala Thr Leu Ser Cys Arg Ala

20 25

Ala Trp Tyr Gln Gln Lys Pro Gly

35 40

Gly Ala Ser Thr Arg Ala Thr Gly

Gly Ser Gly Thr Glu Phe Thr Leu
70

Asp Phe Ala Val Tyr Tyr Cys Gln

85

Phe Gly Gln Gly Thr Lys Val Asp
100 105

<210> SEQ ID NO 74

<211> LENGTH: 124

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 74

Glu

1

Ser

Trp

Ala

Lys
65

Leu

Pro

Val Gln Leu Val Glu Ser Gly Gly

Leu Arg Leu Ser Cys Ala Ala Ser
20 25

Met Asn Trp Val Arg Gln Ala Pro
35 40

Asn Val Lys Glu Asp Gly Ser Lys

50 55

Gly Arg Phe Thr Ile Ser Arg Asp
70

Gln Met Asn Ser Leu Arg Val Glu
85

Arg Gly Glu Asp Cys Ser Gly Gly

100 105

Gln His Tyr Phe Asp Tyr Trp Gly

Thr

Asp

Ala

90

Phe

Val

Thr

10

Ser

Gln

Ile

Thr

Gln

90

Ile

Gly

Gly

Gly

Lys

Asn

Asp

90

Arg

Pro

Thr

Thr

75

Asp

Leu

Thr

Leu

Gln

Ala

Pro

Ile

75

Tyr

Lys

Leu

Phe

Lys

Tyr

Ala

75

Thr

Cys

Gly

Tyr

60

Ser

Thr

Glu

Val

Ser

Ser

Pro

Ala

60

Ser

Ile

Val

Thr

Gly

Tyr

60

Lys

Ala

Ser

Asn

Phe

Arg

Ala

Trp

Ser
125

Val

Val

Arg

45

Arg

Ser

Asn

Gln

Phe

Leu

45

Val

Asn

Leu

Ser

Asn

Pro

Val

Leu

110

Ser

Ser

Ser

30

Leu

Phe

Leu

Trp

Pro

Ser
30

Glu

Asp

Ser

Tyr

Leu
110

Ser

Gln

Tyr

95

Phe

Pro

15

Ser

Leu

Ser

Gln

Pro
95

Gly

Ser

Trp

Ser

Leu

Tyr

95

Phe

Ser
Phe
80

Tyr

Pro

Gly

Asn

Ile

Gly

Ser

80

Cys

Gly

Tyr

Val

Val

Tyr

80

Cys

Phe
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107

-continued

108

<210>
<211>
<212>
<213>
<220>
<223>

<400>

115 120

SEQ ID NO 75

LENGTH: 107

TYPE: PRT

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic polypeptide

SEQUENCE: 75

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Val Ser Ala Ser Val Gly

1

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Leu Asn Trp

20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile

35 40 45

Tyr Ala Ala Ser Ser Val Gln Ser Gly Val Pro Ser Arg Phe Ser Gly

50

55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro

Asp Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Thr Asn Ser Phe Pro Leu

85 90 95

Thr Phe Ala Gly Gly Thr Lys Val Glu Ile Lys

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100 105

SEQ ID NO 76

LENGTH: 123

TYPE: PRT

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic polypeptide

SEQUENCE: 76

Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

1

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Ala Ser Ile Ser Gly Asn

20 25 30

Phe Trp Ser Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu Tyr Ile

35 40 45

Gly Tyr Met Ser Asp Ile Gly Thr Thr Asn Tyr Ser Pro Ser Leu Lys

50

55 60

Ser Arg Val Thr Ile Ser Val Asp Thr Ser Lys Asn Gln Phe Ser Leu

65

70 75 80

Asn Leu Thr Ser Val Thr Ala Ala Asp Ala Ala Val Tyr Tyr Cys Ala

85 90 95

Arg Leu Val Ala Val Pro Gly Phe Phe Tyr His Tyr Tyr Met Asp Val

100 105 110

Trp Gly Glu Gly Thr Leu Val Thr Val Ser Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

115 120

SEQ ID NO 77

LENGTH: 107

TYPE: PRT

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic polypeptide

SEQUENCE: 77

Asp Ile Val Met Thr Gln Ser Pro Ser Ser Val Ser Ala Ser Val Gly

1

5 10 15
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109

-continued

110

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly

20 25

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro

35 40

Tyr Ala Thr Ser Thr Leu Gln Ser Gly Val Pro Ser

50

55 60

Ser Glu Ser Gly Thr Ala Phe Thr Leu Thr Ile Ser

65

70 75

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Ala Asn

85 90

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100 105

SEQ ID NO 78

LENGTH: 125

TYPE: PRT

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic polypeptide

SEQUENCE: 78

Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val

1

Ser Leu Arg Ile Ser Cys Ala Ala Ala Gly Phe Thr

20 25

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly

35 40

Ala Val Ile Ser Tyr Asp Gly Asn Thr Glu His Tyr

50

55 60

Glu Gly Arg Val Thr Val Ser Arg Asp Asn Ser Asn

65

70 75

Leu Gln Met Asn Ser Leu Arg Ala Gly Asp Thr Ala

85 90

Ala Lys Asp Arg His Thr Thr Gly Ser Asn Tyr Asn

100 105

Asp His Trp Gly Gln Gly Thr Leu Val Thr Val Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

115 120

SEQ ID NO 79

LENGTH: 113

TYPE: PRT

ORGANISM: Artificial sequence

FEATURE:

OTHER INFORMATION: Synthetic polypeptide

SEQUENCE: 79

Glu Thr Val Met Thr Gln Ser Pro Asp Ser Leu Ala

1

Glu Arg Ala Thr Ile Asn Cys Lys Ser Ser Gln Ser

20 25

Ser Lys Asn Arg Asn Tyr Leu Ala Trp Tyr Gln Gln

35 40

Pro Pro Lys Leu Leu Ile Tyr Trp Ala Ser Thr Arg

50

55 60

Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp

65

70 75

Ile Ser Ser Leu Gln Ala Glu Asp Val Ala Leu Tyr

Ile

Lys

45

Arg

Ser

Ser

Gln

Phe

Leu

45

Ala

Asn

Val

Gly

Ser
125

Val

Val

Lys

45

Glu

Phe

Tyr

Ser

30

Leu

Phe

Leu

Phe

Pro

Ser

30

Glu

Asp

Thr

Tyr

Gly
110

Ser

Leu

30

Pro

Ser

Thr

Cys

Gly

Leu

Ser

Gln

Pro
95

Gly

15

Arg

Trp

Ser

Leu

Tyr

95

Leu

Leu

15

His

Gly

Gly

Leu

Gln

Trp

Ile

Gly

Pro

80

Leu

Gly

Ser

Val

Met

Tyr

80

Cys

Leu

Gly

Ser

Gln

Val

Thr

80

Gln
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-continued

112

85 90 95

Tyr Tyr Thr Ser Pro Leu Thr Phe Gly Gln Gly Thr Arg Leu Glu Ile
100 105 110

Lys

<210> SEQ ID NO 80

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 80

Gly Phe Thr Phe Ser Ser Tyr Ala
1 5

<210> SEQ ID NO 81

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 81

Ile Ser Ala Thr Gly Gly Asn Thr
1 5

<210> SEQ ID NO 82

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 82

Ala Arg Pro Leu Gln Phe Leu Thr Trp Phe Asp Pro
1 5 10

<210> SEQ ID NO 83

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 83

Gly Asp Ser Ile Asn Asn Thr Asn Tyr Tyr
1 5 10

<210> SEQ ID NO 84

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 84

Ile Tyr Tyr Ser Gly Ser Thr
1 5

<210> SEQ ID NO 85

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide
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-continued

<400> SEQUENCE: 85

Ala Thr His Pro Thr Leu Gly Ala Phe Val Leu Leu Trp Phe Gly Ala
1 5 10 15

Asn Phe Asp His
20

<210> SEQ ID NO 86

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 86

Gly Gly Ser Ile Ser Ser Ser Ser Tyr Tyr
1 5 10

<210> SEQ ID NO 87

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 87

Val Tyr Tyr Ser Gly Gly Ala
1 5

<210> SEQ ID NO 88

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 88

Ala Ser Ile Tyr Gly Ser Gly Thr Phe Tyr Tyr Tyr Phe Tyr Met Asp
1 5 10 15

Val

<210> SEQ ID NO 89

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 89

Gly His Thr Phe Thr Thr Tyr Ala
1 5

<210> SEQ ID NO 90

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 90
Ile Asn Pro Asp Asn Asp Asn Thr

1 5

<210> SEQ ID NO 91
<211> LENGTH: 17
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-continued

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 91

Ala Ser Ala Ser Tyr Thr Phe Trp Ser Gly Tyr Tyr Ser Gly Leu Asp
1 5 10 15

Tyr

<210> SEQ ID NO 92

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 92

Gly Tyr Thr Phe Ser Asn Tyr Gly
1 5

<210> SEQ ID NO 93

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 93

Val Asn Thr Tyr Asn Gly Asn Thr
1 5

<210> SEQ ID NO 94

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 94

Ala Arg Asp His Pro Ile Thr Ile Phe Gly Val Ile Ile Leu Gly Glu
1 5 10 15

Pro Thr Thr

<210> SEQ ID NO 95

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 95

Gly Asp Ser Ile Asn Asn Tyr Tyr
1 5

<210> SEQ ID NO 96

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 96

Ile Tyr Tyr Ser Asn Thr
1 5
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-continued

<210> SEQ ID NO 97

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 97

Ala Arg Ser Pro Leu Phe Trp Phe Gly Glu Phe Phe Ser Ser Pro Asp
1 5 10 15

His Phe Asp Phe
20

<210> SEQ ID NO 98

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 98

Gly Asp Ser Ile Ser Arg Tyr Tyr
1 5

<210> SEQ ID NO 99

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 99

Leu Tyr Tyr Ser Gly Ser Thr
1 5

<210> SEQ ID NO 100

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 100

Ala Arg Gly Ser Ser Arg Gly Ile Gly Val Val Ser His Trp Phe Asp
1 5 10 15

Pro

<210> SEQ ID NO 101

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 101

Gly Gly Ser Ile Ser Gly Tyr Tyr
1 5

<210> SEQ ID NO 102

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 102
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120

Ile Tyr His Ser Gly Ser Pro
1 5

<210> SEQ ID NO 103

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 103

Ala Arg Thr Ala Tyr Thr Val Gly Phe Phe Ala Tyr Tyr Tyr Leu Asp

1 5 10

Val

<210> SEQ ID NO 104

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

15

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 104

Gly Val Ser Ile Ser Asp Asn Ser Tyr Tyr
1 5 10

<210> SEQ ID NO 105

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 105

Ile Ser Tyr Ser Gly Asn Thr
1 5

<210> SEQ ID NO 106

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 106

Ala Arg Gln Arg Ile Val Ser Gly Phe Val Glu Trp Leu Ser Lys Phe

1 5 10

Asp Tyr

<210> SEQ ID NO 107

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

15

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 107

Gly Gly Ser Ile Ser Ser Asp Ser Tyr Tyr
1 5 10

<210> SEQ ID NO 108

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:
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-continued

<223> OTHER INFORMATION: Synthetic polypeptide
<400> SEQUENCE: 108

Val Tyr Tyr Ser Gly Ser Thr
1 5

<210> SEQ ID NO 109

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 109

Ala Arg Ala Asp Tyr Tyr Gly Ser Gly Ser Phe Phe Tyr Tyr Tyr His
1 5 10 15

Met Asp Val

<210> SEQ ID NO 110

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 110

Gly Gly Ser Ile Ala Gly Ser Thr His Tyr
1 5 10

<210> SEQ ID NO 111

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 111

Ile Ser Glu Ser Gly Ser Thr
1 5

<210> SEQ ID NO 112

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 112

Ala Arg Ile Val Gly Gln Ser Gly Thr Phe Ile Tyr Tyr Tyr Tyr Ala
1 5 10 15

Met Asp Val

<210> SEQ ID NO 113

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 113
Gly Asp Ser Val Ser Ser Gly Asp Tyr Tyr

1 5 10

<210> SEQ ID NO 114
<211> LENGTH: 7
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<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 114

Ile Tyr Tyr Ser Gly Ala Thr
1 5

<210> SEQ ID NO 115

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 115

Ala Arg Glu Arg Ala Gly Phe Leu Glu Trp Leu Phe Phe Glu Asp
1 5 10 15

<210> SEQ ID NO 116

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 116

Gly Gly Pro Ile Thr Ser Asn Asn Tyr Tyr
1 5 10

<210> SEQ ID NO 117

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 117

Val Tyr Tyr Ser Gly Asn Thr
1 5

<210> SEQ ID NO 118

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 118

Ala Arg Gln Phe Arg Leu Leu Gln Phe Val Glu Trp Leu His His Phe
1 5 10 15

Asp Ser

<210> SEQ ID NO 119

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 119
Gly Phe Thr Phe Gly Asp Tyr Ala

1 5

<210> SEQ ID NO 120
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-continued

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 120

Ile Arg Asn Lys Gly Tyr Gly Gly Thr Ile
1 5 10

<210> SEQ ID NO 121

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 121

Thr Gly Val Arg Leu His Tyr Asp Phe Trp Ser Gly Tyr Asp Asp Asp
1 5 10 15

Ser Phe His Ile
20

<210> SEQ ID NO 122

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 122

Gly Gly Ser Ile Ser Ser Ser Gly Tyr Cys
1 5 10

<210> SEQ ID NO 123

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 123

Ile Cys Ser Ser Gly Thr Thr
1 5

<210> SEQ ID NO 124

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 124

Ala Arg Gln Arg Met Glu Leu His Phe Leu Glu Trp Leu Phe Pro Phe
1 5 10 15

Asp Ser

<210> SEQ ID NO 125

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 125

Gly Phe Thr Phe Ser Ser Tyr Trp
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<210> SEQ ID NO 126

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 126

Val Lys Glu Asp Gly Ser Lys Lys
1 5

<210> SEQ ID NO 127

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 127

Val Arg Gly Glu Asp Cys Ser Gly Gly Arg Cys Ser Ser Leu Phe Phe
1 5 10 15

Pro Gln His Tyr Phe Asp Tyr
20

<210> SEQ ID NO 128

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 128

Gly Ala Ser Ile Ser Gly Asn Phe
1 5

<210> SEQ ID NO 129

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 129

Met Ser Asp Ile Gly Thr Thr
1 5

<210> SEQ ID NO 130

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 130

Ala Arg Leu Val Ala Val Pro Gly Phe Phe Tyr His Tyr Tyr Met Asp
1 5 10 15

Val

<210> SEQ ID NO 131

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide
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<400> SEQUENCE: 131

Gly Phe Thr Phe Ser Arg Ser Gly
1 5

<210> SEQ ID NO 132

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 132

Ile Ser Tyr Asp Gly Asn Thr Glu
1 5

<210> SEQ ID NO 133

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 133

Ala Lys Asp Arg His Thr Thr Gly Ser Asn Tyr Asn Gly Gly Leu Leu
1 5 10 15

Asp His

<210> SEQ ID NO 134

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 134

Gln Ser Val Asn Asn Phe
1 5

<210> SEQ ID NO 135

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 135

Gln His Arg Ser Asn Trp Pro Ser Ile Thr
1 5 10

<210> SEQ ID NO 136

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 136

Ser Ser Asn Ile Gly Ala Asn Tyr Asp
1 5

<210> SEQ ID NO 137

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:



US 11,084,869 B2

131

-continued

132

<223> OTHER INFORMATION: Synthetic polypeptide
<400> SEQUENCE: 137

Gln Ser Tyr Asp Asn Ser Leu Asn Ser Trp Val
1 5 10

<210> SEQ ID NO 138

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 138

Gln Val Ile Ser Asn Tyr
1 5

<210> SEQ ID NO 139

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 139

Gln Gln Tyr Glu Asn Leu Gln Phe Thr
1 5

<210> SEQ ID NO 140

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 140

Gln Ser Val Ser Ile Asn Tyr
1 5

<210> SEQ ID NO 141

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 141

Gln Gln Tyr Gly Ser Ser Pro Pro Trp Thr
1 5 10

<210> SEQ ID NO 142

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 142

Gln Ser Val Asn Ser Asn
1 5

<210> SEQ ID NO 143

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide
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<400> SEQUENCE: 143

Gln Gln Tyr Asn Asn Trp Pro Arg Thr
1 5

<210> SEQ ID NO 144

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 144

Ser Ser Asp Val Gly Ser Tyr Asp Leu
1 5

<210> SEQ ID NO 145

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 145

Cys Ser Tyr Ala Gly Gly Ser Thr Leu Val
1 5 10

<210> SEQ ID NO 146

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 146

Asn Met Gly Tyr Lys Ser
1 5

<210> SEQ ID NO 147

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 147

Gln Val Trp Asp Ser Ser Ser Asp His His Val Val
1 5 10

<210> SEQ ID NO 148

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 148

His Asp Ile Ser Asn Tyr
1 5

<210> SEQ ID NO 149

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide



US 11,084,869 B2
135

-continued

136

<400> SEQUENCE: 149

Gln Val Tyr Asp Asn Leu Leu Phe Thr
1 5

<210> SEQ ID NO 150

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 150

Ser Ser Asn Ile Gly Ala Gly Phe Asp
1 5

<210> SEQ ID NO 151

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 151

Gln Ser Tyr Asp Thr Ser Leu Ser Gly Pro Val Val
1 5 10

<210> SEQ ID NO 152

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 152

Gln Ser Ile Tyr Thr Trp
1 5

<210> SEQ ID NO 153

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 153

His Gln Tyr Tyr Val Tyr Pro Cys Thr
1 5

<210> SEQ ID NO 154

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 154

Gln Gly Ile Ser Ser Tyr
1 5

<210> SEQ ID NO 155

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 155
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Gln Gln Leu Asn Ser Tyr Leu Ala Leu Ile
1 5 10

<210> SEQ ID NO 156

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 156

Gln Ser Ile Gly Thr Tyr
1 5

<210> SEQ ID NO 157

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 157

Gln Gln Ser Arg Thr
1 5

<210> SEQ ID NO 158

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 158

Asp Ile Ala Asn Lys Arg
1 5

<210> SEQ ID NO 159

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 159

Gln Val Trp Glu Asn Ser Ser Asp Leu Cys Val Val
1 5 10

<210> SEQ ID NO 160

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 160

Gln Ser Leu Val His Gly Asp Gly Asp Thr Tyr
1 5 10

<210> SEQ ID NO 161

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 161
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Met Gln Ser Thr His Trp Pro Pro Thr
1 5

<210> SEQ ID NO 162

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 162

Gln Ser Val Ser Ser Asn
1 5

<210> SEQ ID NO 163

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 163

Gln Gln Tyr Ile Asn Trp Pro Cys Ser
1 5

<210> SEQ ID NO 164

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 164

Gln Gly Ile Leu Asn Trp
1 5

<210> SEQ ID NO 165

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 165

Gln Gln Thr Asn Ser Phe Pro Leu Thr
1 5

<210> SEQ ID NO 166

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 166

Gln Gly Ile Ser Gly Trp
1 5

<210> SEQ ID NO 167

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 167

Gln Gln Ala Asn Ser Phe Pro Leu Thr
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 168

LENGTH: 12

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 168
Gln Ser Val Leu His Ser Ser Lys Asn Arg Asn Tyr

1 5 10

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 169

LENGTH: 9

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Synthetic polypeptide

<400> SEQUENCE: 169
Gln Gln Tyr Tyr Thr Ser Pro Leu Thr

1 5

What is claimed is:

1. A method of detecting a Marburg virus infection in a
subject comprising:

(a) contacting sample from said subject with an antibody
or antigen-binding antibody fragment thereof having
heavy chain CDR sequences SEQ ID NOS: 101, 102
and 103 in that order, and light chain CDR sequences
SEQ ID NO: 148, DAS and SEQ ID NO: 149 in that
order; and

(b) detecting Marburg virus glycoprotein (GP) in said
sample by binding of said antibody or antibody frag-
ment to GP in said sample.

2. A method of inhibiting Marburg virus in a subject
infected with Marburg virus, or inhibiting infection of a
subject at risk of contracting Marburg virus, comprising
administering to said subject an effective amount of an
antibody or antigen-binding antibody fragment thereof hav-
ing heavy chain CDR sequences SEQ ID NOS: 101, 102 and
103 in that order, and light chain CDR sequences SEQ ID
NO: 148, DAS and SEQ ID NO: 149 in that order.

3. An engineered cell producing an antibody or antigen-
binding antibody fragment thereof characterized by heavy
chain CDR sequences SEQ ID NOS: 101, 102 and 103 in
that order, and light chain CDR sequences SEQ ID NO: 148,
DAS and SEQ ID NO: 149 in that order, wherein said
engineered cell is a B lymphocyte hybridoma or a or a non-B
lymphocyte host cell.

4. The engineered cell of claim 3, wherein said antibody
or antigen-binding antibody fragment thereof characterized
by heavy chain CDR sequences SEQ ID NOS: 101, 102 and
103 in that order, and light chain CDR sequences SEQ ID
NO: 148, DAS and SEQ ID NO: 149 in that order is encoded
by light and heavy chain variable sequences according to
SEQ ID NOS: 23 and 22, respectively.

5. The engineered cell of claim 3, wherein said antibody
or antigen binding antibody fragment thereof characterized
by heavy chain CDR sequences SEQ ID NOS: 101, 102 and
103 in that order, and light chain CDR sequences SEQ ID
NO: 148, DAS and SEQ ID NO: 149 in that order is encoded
by light and heavy chain variable sequences having 70%,
80%, or 90% identity to SEQ ID NOS: 23 and 22, respec-
tively.
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6. The engineered cell of claim 3, wherein said antibody
or antigen-binding antibody fragment thereof characterized
by heavy chain CDR sequences SEQ ID NOS: 101, 102 and
103 in that order, and light chain CDR sequences SEQ ID
NO: 148, DAS and SEQ ID NO: 149 in that order is encoded
by light chain and heavy variable sequences according to
SEQ ID NOS: 59 and 58, respectively.

7. The engineered cell of claim 3, wherein said antibody
or antigen-binding antibody fragment thereof characterized
by heavy chain CDR sequences SEQ ID NOS: 101, 102 and
103 in that order, and light chain CDR sequences SEQ ID
NO: 148, DAS and SEQ ID NO: 149 in that order is encoded
by light and heavy chain variable sequences having 95%
identity to SEQ ID NOS: 59 and 58, respectively.

8. The engineered cell of claim 3, wherein the antigen-
binding antibody fragment thereof is a recombinant ScFv
(single chain fragment variable) antibody, Fab fragment,
F(ab"), fragment, or Fv fragment.

9. The engineered cell of claim 3, wherein said antibody
is a chimeric antibody.

10. The engineered cell of claim 3, wherein said antibody
is an IgG.

11. The engineered cell of claim 3, wherein said antibody
or antigen-binding antibody fragment thereof also binds to
Ebola virus.

12. The engineered cell of claim 3, wherein said antibody
or antigen-binding antibody fragment thereof further com-
prises a cell penetrating peptide or is an intrabody.

13. A method of inhibiting Marburg virus or Ebola virus
in a subject infected with Marburg virus or Ebola virus, or
inhibiting infection of a subject at risk of contracting Mar-
burg virus or Ebola virus, comprising administering to said
subject an effective amount of an antibody or antigen-
binding antibody fragment thereof having heavy chain CDR
sequences SEQ ID NOS: 101, 102 and 103 in that order, and
light chain CDR sequences SEQ ID NO: 148, DAS and SEQ
ID NO: 149 in that order.

14. The method of claim 13, wherein said antibody or
antigen-binding antibody fragment thereof is a chimeric
antibody, or is bispecific antibody that targets a Marburg
virus or Ebola virus antigen other than glycoprotein.
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15. The method of claim 13, wherein said antibody or
antigen-binding antibody fragment thereof is a bispecific
antibody that (a) targets a structural feature of a Marburg
virus or Ebola virus particle, and (b) targets receptor binding
domain of Marburg or Ebola virus.

16. The method of claim 15, wherein said structural
feature is a Marburg or Ebola virus glycoprotein domain
other than the receptor binding domain.

17. The method of claim 15, wherein said structural
feature is a Marburg or Ebola virus virion structure other
than the glycoprotein.

18. The method of claim 17, wherein said virion structure
is a lipid, carbohydrate or protein.

19. The method of claim 13, wherein said antibody or
antigen-binding antibody fragment thereof is a bispecific
antibody that (a) targets a structural feature of a Marburg
virus or Ebola virus particle and (b) targets a host cell
surface structure cells that is trafficked to endosomes.
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